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(57)Abstract: 

PURPOSE: To obtain the title memory device which can store 
multivalued information and which can perform a write verification 
operation at high speed without causing any erroneous verification by a 
nethod wherein a multivalued storage function, a write function- and a~ 
write-data-content renewal function are installed in a verification circuit. 

CONSTITUTION: A memory cell array 1 is formed in such a way that 
memory cells which can be electrically rewritten and which have a 
plurality of storage states in three or more stated are arranged on a 
matrix shape. A bit-line control circuit 2 which controls a bit line to 
control a bit line in a readout/write operation and a word-line drive 
circuit 7 which controls the potential of a word line are installed with 
reference to the memory cell array 1. The bit-line control circuit 2 
exchanges readout data and write data with an input/output-data 
conversion circuit 5. The input/output-data conversion circuit 5 
converts multivalued information in a read-out memory cell into binary 
information which is to be output to the outside, and it converts binary 
information on write data input from the outside into multivalued 
information in a memory cell. 
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( 

1 

x-^ " i " (i = 0, 1, n- 1 ; n^3) 
£-frT*«E«U 0 »C#*r-5E««»» 

***jBT*«5F»«tt*»*E«K«T*oT, ir> 

flMRSrfflE* * u izJVT i"ftp<Dm&<D* * y 
WEafto^^uir^c^n^nw^r-swET 2 --^® 

" i " oE*«ffl»c^oT^s^s^€a»"r*fcft<D 

fgi (1 = 1. 2, - n-1) (0«iiM'j7 7-f 

€rii*fefr5 *'5fc«rE7 f -^I5rj»<ort*&, x-* 
^T— ftK*r"TS»i (i=l, 2, ~ n-1) 
»E*I ©»*a*^U7r-f#SlcJ:*E*«tto« 
£> 7 s —* 1 jfcSx— * "n-1" C^l/Tn - 1 

IfflESg i Of-^HIK^-ftl^aij:, SH i <D*# 50 

—748- 



2) 1MBV7 -9 3 9 7 9 

2 

a^'J77^f ^&tc<i; D * * y Hr^o»€ra*ftfPa 
(l^l) £fc*^***yirJMc#j&T*tfy h»« 

IEU tfy h«f8ffi^«iE$ns*T«^-^lHlKcO? 
— *E«tt**«»U IfcE^nfclfy 

^E^~^®KO^tcS^<##^Kf^<i:5= r -^[El 
Bft£M£r£. ffirEa»o^q&U-t;^Bfje<z>#*a* 

EttSK. 

— ^©afcEasnrir^x-^icjs^TMEo^^u 

ft«**J:5*«i-*5 f -^^E«*nT^*5 ? --^lsI 

»tc#;ST**^y*;w?-* "i" 

^iSMItUTOoDr-^ "i" (i =0, 1, 
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3 

- n-1 ; n^3) fcL*V>*<D**ST**Bfrr 
MESH i <0»*a*^U 7 7^SK<fct>Ttt»y- h 

MS* 5] x-* "0" K#*T*E*ttJBtt**tt 
flgT&oT, JtrfEx-* "n-1" ftmzttfc-rZLZ 

-2" us^ttttx-* "o M ttasic** 

mjfB^-* "0" *»fc»*-r*L/*li«^6iftl»liJC 
v 5 -* "1" , "2" , "i M , "n-2" « 

mehi i <ast*a*^ g 7 r-r ^s^<t ot^t'jw 

.<D»#a*«<Btt»maan*£:y 

»Ex-* @K<ort*a«* g -fejuoflaBS 

A, 

AirE£i (l^i^n-2) ©i^M'J7ri'^ 

i^^o^u ^©«ra*»<&«iB**Hia swt; 
0K<ort#^^ : eg-fe;Ko«ii*7 f -^ "j* o»*a 

T1:>-^Ufc«'&»C^ : Eg-fe^flDtt«€:7 f -^ " j * S 

WEy-*®»rts»R©&^ m i ©»*a*^g y 

r <i \z J: D g •feJK^itji*lM©ttl830^^$ 
1, i + l, i+2. n- lOfcf-/ hM&R£|sJ 

[R»*E6] HtfrEx-^lHj&te* **g-fe;P©tt«B£» 

agKftft-r si 5 mnpuft^flrffo*^ * g -fe^jwa 

fclT^#&£a3MS!E " i " (1-1. 2, n- 
1) S^T«*&E«'r-5JB2©5 f -^E««t. 



(3) *$BfW7 -9 3 9 7 9 

»E*l«)T-^B*»t »Er-^HI»rt#3Elfr<0 
fca&x-^ISKort^fcftUTJBEail. I + l, 1 + 
2, ~, n- lOtfy h«»fi[R«lBlKlC«fcoT«jE$ 
nit. m i oMa*^'J7r-f K:«fcD*^Eg±:;K£># 

> x /Eirr *«iB&aiMa«* a r ^ & t -r -b 

[»#»7] WE^io?-^E«8Sco«a^^g-fe 

*1 O^-^EMSolt^^^g-fe^ttJB***^ 

jftEffc 2 ©x-^EtMto* g -fe^WEitT^*** 
a*tttt M I M (1 = 1, 2, n-1) £^TS*S 

[8Wcoi$fflfcIfc9I] 

[0 0 0 1] 

[£*±<E>fiJffi#If] *5BWtt, *a«SSA^II6^ 
#fSte¥i?S#E1i&© (EE PROM) ICifcfcD. fclC 
l^O^^EU-fe^tCl fcfy h£9#^fiWB£ES£-fr* 
^MEtt^rfT^ E E P ROMC^ItS. 

[0 0 0 2] 

[ffi*©tt*] EEPROMCDIOtLT, KmSfft^ 

M^NANDSE e p ROM^»enru5. en 
j0 HKSco^^g-fe^s^neov-x, fk>sb 

KyMUcRRt^txoWS. ^^g-fe;wia#, « 

- h 75*19© ^FETMOS«M 

^rrs. ^t'jwKit pmmfoxtenmmmz 
m&zniti>MVx.)\'to\z$mmtfL2tiz. nand^ 

40 [0 0 0 3] u^NANDtWEEPROM^ 

«t>«nfcfi«o^*g-fe;^6JBJcfT'5. ^«$n^c 
^^eg-fe;Ko»i9py-h^tt»mjEEVpp (=2ov§ 
S) «r^irab, -tniotfy h««ir**^*g-fe;Ko 

*lffliy-hRt/2l«y-hlC«*ra^l3EVppm (=1 
Xtt*M«EEVm (=8ViI) $#^S. tfy b&LlZ 

ovWAsnw, -t©««tttii«i^tg-fe;K0Kw 
5^ entcio. a«*nfc^tg-fe;KoL€r^ffl[ttiE*isi 
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5 

[0 0 0 4] 5 s — NANDtW©±TO^ 
h£0V<hU pi->xM2 0ViT5. rcoifl 

«jy-K v-x»t>2 ovicsn*. 

[0005] ^H^aiutt, iRsn^^t y-t;u 
y-Ns^s^y-h^«ii®«&vc c (w^tf5v) 

Sil&fc.fcDfTfctiS. 

[0 0 0 6] R*ttiUMff4>M«!)*>6« "i"»*a* 

*t a wje©^ ^ u t;vo*s«fa t , " 1" ##a 

[0 0 0 7] ^^EU-fe^OL^^il^O V\Ztt 

lTT-y>^oT> 0. 5VH±^ot^a:^ 

mn* * y -fejPT««t^i«n, M 1 - »*a#*fi 

£ js«t*^ y 77^ RK&nptf n*BR#sR»* s n 
z>. i©^U7r^nia»cj:oT*»c«€ra*^ , J7 

[0 0 0 8] «*a*»ffi:»*a*^U 7r-f 
jgU3te^6x-^»*a*S-r*2:tT* r^cd^^u 

-fc^fc»UT»*a*»iB3*«»Rflsan, " 1 s^a 

*&<3 L £ V 0V^5Vcc(OM tdMR Stl6. 

[0 0 0 9] ^©NANDt;HEEPROMT, ^{g 
E«**«T*&». NAI2t«&»ttOKIt 

"0" . "1", "2" <3 3 ^lcT*;i 

" 0 M RSa^ttRllLtft'Rtfft. " 1 " R«a94K 
Ilil/t^tmtfO V**6 l/2Vc c, "2" s 
*a*«»il/*^l/2Vc c^e,Vc c£T£ 

-r*. «*<o^y 7 y "o M $€?a*#is 

\z****e*)w** 1 xtt u 2" »€ra**j£© 

cooio] L*»btt«ts. a*o^U7r-fi*tt# 
iEwwiifc^ "2 M ^a^ffifcr-s^tu 



(4) W7 -9 3 9 7 9 

tfcttJT Ztz.VXD*, U7H RESULT 1/2Vcc^T 

<o»*a*^jB««Tft*»'&, M i M »*a*^fi*^ 
g^^mrswrfc^^EU-fe^TmR^ainrRfra* 

[0 0 11] *fc, •#a*^JEORR*KJttT*R 

cD»ea*^y7y>f*tT5Ctt, M i" »sa*+# 

£fcofc;*^yiz;W:iMU "2" S^a^Hglcf <5 

r«RT***s*fc*ubT^u 7y<»tsa*ftfT 
i(7 5«fc5Krrntf«fc^. l^l;i<d*£\ "2"g#a^ 
ttRic-rs^^u-fejucwuTfe "i" ##a^co^tz 
M 2 M »*a**R»c-r-6©-c, R^a^cRM*** 
D»*a*jSfl»«<fc*. 

[0 0 12] 

ANDt;iSEEPROMIC*j|E*S^ «*flD<^U 

^'J7r-f*J±i;*^5WI««*ofc 1 
[0 0 13] *R9IfcL ±ISlf^$%ZtL,T^^n^:t> 

^•J7r^ll#OjM«:««^D^EEPROM$* 
[0 0 14] 

[R®&*^-r*^*o^a] *R9»i±ERR€Rife 

RM <R**l> tt. *tf-*«BOTift«Wtt 
¥**E«RRfc«lriT, «»S»*»;1£pIR£1,3 

;P©»*ii*Rff«R€Rl|-r 5r-^ £-f$IE<t*r* 
fcfcORRORSa^x-^lifl*^ RXfC^^U-fe^ 

r u-r ^©a&o^^ u -fejnc-tn*n»jK-r-6»#a 
*x—^iaittort#^«i;T»*a*«if^*fT o?z#><d 

*«a*¥R£» WP»fc«R©^^U-feJK3!>»«a*» 

ff«o«tt&RB-r*fc«><o»fra*^u 77^*8 
#^a^x"-^iEiis©rt^i:^ : eU"fe;^#^a^ 

»c*^<»*a*»fpi:* t*a*^U7 7-f^ 

a*ttttJc&**-c»05BL^^fT3 2:^lcJ:DRfll 
ttlH^-^fMra^SfT 5 21 £fc»R£T*. 
[0 0 15] (»*^2) »4, HjnftS;* 

fc^^eu-t^ru-f **u i^co^^'j-trjuns^Jt 

CD*ftcr>E*ttttt ItftSOr-^ " 1 " (1=0, 
1. n - 1 ; n^3) «»fc1i:*RE«U 
5^7 4, 0 M fc^r*E«ttRtt«r*«RT**^F»Rtt* 
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7 

V7y<i^mt (1 = 1. 2, - n-1) > x-*® 

* * y -b;wc» LT<o*??»*a**ff 5 

*v±)V\z:tt&+zy : —9®to\zz>\,*x-isii9i'*&m 
i 0x-^8P^-&Sllfr#®: (i = l, ~> n - 

i) »io«*a*^y7T-f#gkfc±«B«««i 

M#r£. x-* "1" ^Sr-^ "n-1" KflBLTn 
yHWffi05"6. (i£l) tfc*"** 

^*y-t^k:»*r*if y h»«&a*f5»€ra*7*--* 
ort*s«*r*j:5-fe>x/«E*$n**j:5, **y 

— * "i" ii^^^^^y-fe^tc^-r^x-^iHiK 

(1) f-^0Mn »*a*»fmfc7 f -^H»fciait 
$ nx^s ^ tcj& ct^ * y -fe;K3!>»*a*ftf^* 
■emu ^%yiz;^«ui€^o««a«4aiic 
ft*«k5*fcsii-*a\ xj4^^y-fe;Ko«jis»*a 

(2) WKO^-^SBrtS-JSJElf^Btt. x-* 

"l" ©»*a*««ictt«^*^*yir;irfc»jtrr* 

a*ttMirra*J:3*fc**«J:5*lPt-*r--*OTE 

«snr^*y-^iai»K#i6r*^^y^;wx-^ 

"1" <D»*a*tt!IIK3iLT^S*£fcL x-^IhTB 



(5) 9 7 9 

y^y-fe^otta*^-^ «i" cD«ra*« 
-Bkrau t 1 — ^isiB(c^^ey-fe;KD^si$s#a* 
rv^i^n ^^y-fe^o«»s»#a*»f^«9©« 

" i M K»©«*a*««ttt«^*^^y-fe^ic»* 

(3) ^^yii;Utt*4llflcSJ:JC«ffir#S[)i^*Jffliy-h 

mfevimtVT&MoiT-? "i" (i = o, i, - 

n-l ;n^3) * L*V>«©*«ST#MEltU 

v>m i wjy mGLzmmiss x-* -i- float 

(4) x-* "0" Jca#*T*fE*ttffltt«*«J8T*o 
T, x-* "n-l" tmiZttfcTZLg^mZr-* 

"0" tt«»C#«T*U#^«i:*t>»**«<, 5 s - 
^'T, "2" , ^ M i " , "n - 2 " flaSK 

Mr^L^^lttr-^ "o" #»z*trt;T*l,*^ 
tea>Sx-* "n-l" VM\Z*tJKT*L&Km<DWl<D 
IT^oT, "0" JRffl^jpt>t"-5L*^«^6 

iB^JBfcx-* "1" , "2" , ~, "i - , - "n 
-2" ftm\ZttFt>?Z>{sZ^m\*t2i-oT^T. li(Df 

€a*^ y ^ t * ^Wl\z£ r> * y -fe;i^©»*a*a 
rt***^ * y ^jp<o*B*»$a*»f^ir<3!)««iJc«» 

^©wiBft «*a*»fp«rcDtR«K:«»r « j: 5 ftrnw-r 
*x-* ttiz&^tzm i ofiiEK* hnut&tcsisfe-r 

««lCDlf!yhMffiKttlBr»««A./lll (1^1^ 

n-2) ©##a*^y 77^f?ai:J:oT^tu« 
^-^ j (i + is j) ttfiic^s^^^y-fe^ 
■fejuo«ffi*x-^ "j" ©»*a*tt«Kfcaj;5ae 

^^y-fe^ottji&x-^ "j" •«a»«arca:«j: 

IE try N«t»ffi^Kfe"r*» j 0>Mv hiBSteiftSlElB 
5^ U7r-ffcJ:f3« , J ■fe;KO»€?a*»ffa«)«»**ffl 
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(6 

9 

1, i + i+2, - n- iCDtf-y h««(SR3t(sI 

(5) x-^E&te* ^^U-fe;K0«3B^»#ii*«i^«l 

i 5 urn l «c ti*«<o«^> * u ir^^fE*r ^ 
k*«» M i w (i = i. 2,-, n - 1 ) *7jk-rmm 

&<Dft&\ZfcCT&l t i + i+2, n-l<£> 
y y r -f K J: 0 ;* * u i:JP<D##&*lfrfft£(E>tt 

(6) »i<o?-^E«a<o**^^U-lr;Wcottffl*» 

a***-!" (i = i, 2, - n-n&^-r** 
K&u-cjg i <o«a*«r<otfy hi&mfffcffi^f ass 

i ©»*5i*'fc;y h»«BEa*lHlKtfiili^Ci:. 

(7) WlotT^ NMtttt£@K£*«&*Kr±£? h 

SJ^fcWEETfcD, !Bj (J=2, 3, ~, n- 1) 

(8) ^%U^M24 & «*ll±lc««*fl!JI&«lfpy--h 

(9) ^*Ut;Utt*W#JB±fc«OTIIWii:*My-h 
[0 0 17] 

[f^ffi] *569iK:«:b*2HB (nflL) IBUfiEEPRO 

^j^effton-si^Masna. fi&Rtt* "o" 

"0", "1",- "i".-, "n-1" i:^ 50 

—752- 



^¥7 -9 3 9 7 9 

«»t*^U 7 y*fT Set 5 **$ft*. z<Dtz&. a« 

t&*+^SA^«ttlt4t>X7>^fiA*. i 
"0",~, "i-l"»€f&*£ 
-r&**y-fe;KDfcTy Rfc»*&*+#fc*Hi 

sn^v^^sBio^u^y-faa^Kfrtsn*. i# 
s-r*^*y-fe;KDfcf^ Man, Krc»#a*+»^« 

[0 0 18} f^^+^^^f-^tlt 

[0019] **«i:*^th 

-to^^y-fejKo^tHff^a^tfrfen^j: 

«jEE*iitia;*n*. C^»^*»f^i:^y7y-f«!*. 

[0 0 2 0] rcOcfc^lCLT^^B^fCcfcn^ llHl(0« 
€ra»«rWI*fi< IT. »£&*#M©»fr<DSj*&3 t 
xy^U 6/Mal*fc»*ii*ftfPfe« 0 51T 21 <h Ic 
i^T, mi»fQlZT-*m&&fr*mTLtZ* : £ViL)\s 

[0 0 2 1] 

•ra. iai«, *&w<Dmi<D9tmm\zftt>z>NAND 
[0022] ^^ut;P7K u:^lt m^mi,/ 
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(7 

12 

K7jWR*tSn*. If-y h»m»J«JlHl^2. >7~KiSffi»I 
(ilB7ll ^n-eniJ7A«f3-^3 f ntf . ra- 
y8lcJ:oTig^$n^o tfy httfMPBK2H:. 

^Affl*« (io» e^LTXfflSx-^JEidiaiis 

[0 0 2 3] 02, H3H ^f'JWKltfy 

;l/Ml -M8 i:IKh7>yX^Sl . S2 NAN 
Dit^$«St5. NANDlt;K^)-»ifyh« 

bl \z»»tstu Mu*iv-x«vsta«sn 

£. &2ffy- h SGI , SG2 , ^y-hCGl -c a? 

^■JtMf^Lf^iV t-Cx-^fcgMtU Vt# 
0 VJ^TTfe^JS^ "0" x-*, Vt^OVWl. 
5V^i^ "1" 5 s —*, VtJ^U. 5VH±W 
^JE£TF<£>«# " 2" ^-^tLTK**-*. 1 o©;* 
^Uiz;PT3:^:t£$$£#/i:i*\ 2^©^ ; E'JtW9 

20CD^^Uir^T3 b'y h^<7)x-^^ 
O 2a00^^U-fe^CO&T3 tfy h^o^-^^iBte-r 

[0 0 2 4] ^Dy^BMi-fWWCIl, CI2 
<bC 13 , C 14 Ttn-?n7'Jy^- 7D7^i« 

o^it r "o" *i*&*£ir*a\ "i" xtt 

T75/fU **U-fc>W r "0" LT*> 
"T Xte "2" <0M«€;«»UTV>*a\| , £ 

-f>A-^CI3. C 14 tI^n-57'Jy^' 7D 

y r " i " mz&fr&~rz>t)\ M 2 ** mz&&& 

U-fe^ r -2" <&flH8£«#LTV>*a*. "0" Xtt 

iiLT7 7^. 
[0 0 2 5] nft^MOSh7>yX^^T, Q 50 



^i?7-9 3 9 7 9 

22 

nl tt, ^'Jft-^PREAt "H" <hfc£<h^EE 

vpR^tfy h»cca-r*. Qn2 n ifyMR&sMi 

»[5I»*««rr*. Qn3 -Qn6 . Qn9 -Qnl2 

^KJSUT, ^BEVBLH , VBLM , VBLL fcBRMKTtf 
y M»^IEai-r*. Qn7 , Qn8 \**tl?tim^SA 
C2 , SAC1 "H" tfrZZL yZf - 

^tfcTy hH&SMS-T*. Qnl3te, 7'J^'7Dy 

5^£&fflT*/L#f::t&#£n*. Qnl4, Qnl5£Q 
nl6, Qnl7tt-tn-en*7Aa««^CSLl , cs 
L2 # "H" ^«C-3t, »«t57«Jy^« 70^^ 
f"^Affl^i I OA, I O B £&««KftRT*. 
[0 0 2 6] fc*5, 0 3i:*^T<>;t-^«»*0l 
9 (a) IC^t\fc3fc*lfcLT^LTV>*j^ inii^ 
1 9 (b) C,T«^i:/^Tl^o £CD£ 
3 fc*Wt£nfcE E P ROMCD»if££ig4 -0 6 tCfto 
H4tt«^fflb»ffCQ^-f 05 

G4a««Snfc*^£MK*LT*<5. 
[0 0 2 7] ^ttitWH 2^^SW^W^ 

ft-viSfPRE^ "L" iftoThfy h«i^n- 
>^K:3n*. »1>T. jI#y-hSGl, SG2 
. Wy-hCGl -CG3 , CG5 -CG8 teVcc 

o>*, o^o^— ^ "2" ^ftii^nrv^s^© 

[0 0 2 8] dCO^, -fe>X«ftft:«*S EN2 , SE 
N2W*tl*tl ** L, " , "H" , 77fiSttfti^LA 
T2 , LAT2B^n^n "L M , "H M tfc-oT* 2 
D^WO/WCU, CI4Ti*Stl5 7 
»J • 7Dy7 r ttU-byhStia. g^SAC2 # 

"H" tfeoT^D7^^I«S<>A'-^C 13 , CI 

n, *i"t>xstt&OTSEN2 l sEN2B^-en-e 

7 7fittM^LAT2, LAT2Ba***H?n 
"H" , "L" i:^0, ^Dy^TOOA-^C I 
3 . C I 4 T«*$n*7U V? • 7D'yrf:. 
r <4 2" y 1 -?*^ 1° Xte "0" 

[0 0 2 9] K*fflL»2U--1'^;HSK*ai/*l^ 
^JVi:, a««»y— h C G4 0D«EE3^ 1 . 5VT^< 
0 V-C$>^^<h, ^t#SEN2 , SEN2B, LAT2 , 
LAT2B, SAC2 COftbDCf f S EN1 , S EN1 
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B, LAT1 , LAT1B, SACl ifi\&~hc*tl : hZ.b.ffi 

m^>rt-?c 11 . ci2ri^n^7U'^- 

705/ zf\z. r - 0 " 44 1 " " 2 " 7*- 

[0 0 3 0] a±iRML/S:2^©tt*fflU-tf-f ^JUfcJ: 

SGI , SG2 £2 0 VlCU *J1&py-hCGl -CG 
8 $0 VtLTfrfrtl*. 

[0031] »*2t*»«n?«:, mvu^*— sw* 

PRE^ ** L " ^tt f yhi^7n-T^>^i:$ 

n*. s^y-hSGi ^vcc «»y-hcGi 

G8*«Vcc£3n*. M^y-KSG2 tt»€Ti&*ftfP 
^OVT^S. IrH^C, ft-^VRFYl , VRFY2 , 
FIM, FIH^Vcct^^. "0" ^^Qfrnm-S 

\z. truyzmmsz-i >n—*c 11 . ci2t*8j&£ 

n«7'Jy^« 7Dy^|:, ^Dy^l^JHSC-f 

c 11 com^a* "H rt tc^-5<t:3trx-^^7y^$n 
xfi H 2" tfyhwiov-ir**. 

[0 0 3 2] tt^T, S«y-hSGl . BUy- h C 
Gl -CG8 , fifBLC, flfVRFYl <hmJEVS 
-Art* 1 0 V, ^JEVBLH tfi% V, ^flEVBLM # lVt^ 

^CI3, CI4TiS$n^7'Jy^-7D.y^;, 

^ny^HJBa-f >a*-*c 13 <a flirt # "H" left* 

«ivwwn<&. "2" tfyh* 

[0 0 3 3] "rxir'2" tf y 

* k jttt l r * * u \z SLX-t^mm 

VtCLT©I^y-hCG4 £<D@&M£ 1 9 VI:»«L 
"O-ff^fl f7hifBE8Vl:J;oT 

[0034] »*a*»ff©*7i»tt. sr&fty-h 

SGI , HWy-hCGl -CG8^0Vtl, " 0" 
^#&*U£co fyMBL O^EE 8 v tejinr 0 V \z u 

ty^n*. cojB^s<E-r*t-«fWfc "2" x 
» " 1 '* »#a*»ff©«»3ft«T*r, M 0 - 

[0 0 3 5] 9£&&W)ft&\Z* **'J-fe;W©**a* 



14 



7)"<R*fflL*lt mjEVBLH teVcc* VBLL \*0 
V, F I MfiOVT*^. 
[0 0 3 6] ^'J7 7-fMUl 2:3©S*1M£ 

G4CD@/£<i:* H^VRFYl , VRFY2, FIH^ 

10 WttVRFYl <D&) . i^VRFYl , VRFY2 
. F I Htt. StR^- hSGl, SG2 , «»Y- h 
CGI -CG8 #0 VKU-fe* hStlfctTCfg^SEN 
1, S E N IB, LAT1 , L ATlB^-^n-fn "L" , 

"H" , " L ** . "H" i:)istti:tti*$ti5. 

12 Tl«$n«7'J 70y^»Jt 7 h^fl* 

MT**. 3M?$nfc#J»y-hCG4 <0«EEtt, 
fflb«fG>l. 5 V mi-V-ttrM , 0 V (35 2-tM^ 
a? ;W) fc*t*LT. 2V (^l^^iW . 0. 5V (f! 
2tM£JW 0. 5 V<DL*t^re— ^>£iMfc-r 

[0 0 3 7] ::tH ^n^^BiJBSC-f >/t-^c i 
1, c 1 2 T«j«$n*7U • yu v y\zvv^ 

tiTV^x-^ (datal), ^ n y £ HWSC-f >A 
-*CI3, CI4Ti^n57'Jy^-7Dy^: 
7y«ntV^f-^ (data 2) iil^^nfc^ 

$Ua0^"T^. d a t a 1 fct r "0" " 1 " 

^iQn 3« "ON" t^Sg, "1" X\Z "2 " 
C0«^«Qn 6^ "ON" ttftT**. data2fi 
r "1" "2" ^r^JffiJL, 

&£&&<Dm&\*QnlQ\Z "ON" ttJg, "2" 

«#ii*a>»^ttQnii*t "on" vim-e$>%. 
[0038] "0" ? i -*mz&&*$ mm&z&fry* 

"0") o^'J7r^f H^ffiU^iif-f 
^^U-fe^OT 5 -^** "0" T*<&3^6, »JWy- 
hCG4 *t2 Vfc^-St^^U-fe^fccfc-DTtfy hi^m 
4^ tttt "L" t^:^, fOM^VRFYl *t "H" 
<5Ct-rtf»y MSBLtt "H" 

[0039] - 1 - 7 s -^»#a*» (wm^sa*^ 
*^y-fejK&^— "1" t^^«f-efe5^e> 

G4 ^2 VtcrcC<5i:jX^Uir^tcJ:oTt:^ h^m^ti 
"L" *©«WVRFY1 3ft« <4 H" tUZZL 

iT, fElc " 1 " ffii»t5)Td atal«t M 0"« 
^a^Sr^LT^^^tfu/ h^B L ft "H" (06 05 
5^? (1) ) , ^fbtt<tftfy h«IBL« "L" (1360(2) 
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15 

) tt&Z. 

[0 0 4 0] "2" x-^«€r-a*B (IMMSa*^ 

Ki* lK>*Ut;K0?-^*« "2" £fcoTW*V> 
("2" WF+#) HWy- h C G4 75* 2 

ft* ®6co(5) ) . a«p«^u-fe;^ u 2" #*a* 

Tfcfcfy M H" OJ^T^S (060(3) 

(4)) . 0 6<D(3) te^K "2" ftM+^Td a t i0 
al^ "0" **a*Wl/t^-5t$-C*5. £CD*g 
A. WVRFY1 "H" £&*;i<hT» mmVBHiC 

j: o x m v v &b l ns. 
[oo4i] #< o" x-^s#£*P? (saw^a*? 

"0") 0^U7T<»*fflLSB2^^;R 
ft ^t'Jt^r-^ "0" UWf— 
hCG4 #0. 5 vtc&*<h*^'J-fe;Wci:oTtv h 

"L" I^VRFYl # 

[0042] " i " ttMBftsa*^ a? 

-^£t"l M ) CD^U 7 7<M^lI2^^^T 

( "1" »#fcJMF-H» £^ «J»y-hCG4 *t 
0. 5V\Zl2iZt***)1*)],\zS:vX\Zyh#nmi 
** L " <i:fc* (0 6CD(8) ) „ BXjt%U-fe;k0f "1" 

0. 5VfcftoTt>lfy "H" 
(0 6 CO (6) (7)) . 0 6 <D (6) "1" §i*&*-h 

a t a lrt* "0" ^a^S^LT^S^Tifc 
.£CD»&«#VRFY1 «t ,4 H" t&SIc;^ ^ 30 
JBEVBHfcJ:oTlfy M8BLI»3te«n*. 

[0 0 4 3] "2" y-^ttSa^W fflWMftiM^ 
-^^"2") ©^'J7 7-f«*liit*2^m 
tt, ^tUt^r-^ "2" 

**y^0L*Hia*o. 5vj^±r*n« "2" m 

tM+^Tt)^Tt), MW-hCG4^0. 5 
VWotfchlyHWftli "H" <D££T&* (06 

(9) do) ) . 2 ^^a^+^r^^eu-tr^coL 

*HM*0. 5V«T«)»d, fc^hfcite "L" fcfc* 
(06O(1D) . 47 
[0 0 4 4] ^-08, f^VRFYl , VRFY2 , F 
IH# "H" t^^C<hT, WL\Z "2" *€Tji^+^T 
d a t a 1# "0 M $i§r&*£^LT^<5«'&hfy h'& 
BLtt "H" (0 6(0(9) ) , $t>^<«bfy h»BL 



»BB¥7-9 3 9 7 9 
tt "L" (06 CD (10) (11)) dO^U ^T-fSfc 

*a**«i^&H»*a*?-^30«TB<o (*i) <d£ 



[0 0 4 5] 

»i] 



-b ^ © t* - * 


00011222 
01201012 




00010220 



(^l) a*6#^*<£5K, "l" 
U t;v©^ " l " *£&*Wr:bn, " 2 " 
**JB®*^U1z;Pfc©*?S* "2" »^a***fr3tan 

S^a^^-hi^lC^^i:. ftO^J7A(DQn 1 3 rt* 
"OFF" t&D, «-^PENDBJC<koT^-*#t* 

[0 0 4 6] 0 7 Ityt-jKDA&JlWlft?^ a >^$:^ 
LT*50, (a) «^-^A^J^^^>^ (b) tex 
-^ffla^-f 3>^T**. ^^^<D^-^A^31f 

fl^#>£CD3 h' y h#©5r— ^ (XI, X2, X3 ) 
te, 2^C^p<^:Uiz;K05r— ^ (Yl , Y2 ) 

n, JHMJKttKy h«SHW3K2C[)^ny^^KS^ 
>A-^CI1, CI2Ti«Sn<5l/^Rl tC 
13, C I 4 TfltJ5£^tl-5 l/yX^R2 I:, f-^Affl 
^SlIOA, IOB^lt^T-^«$n5. 
U^X^Rl , R2 \Z7 yTZtlX^ZtfLfr&lsT—* 
\*+ ZWSStlU I OA, IOB^ITAIUAt- 

l^n^>*7Al^C S LH^C S L2i&H— 
fwtT, -?-<D^^l9 I OA, I OB£2&*£K:#ttTpr[ 
— ^3 ^ A <D 2 ^) CD U v X ^ H^r \Z 7 ? -fe Xt * Zl i: t> 
§^»CnJj^-C, 7&izXt$m&&<TZfcib\Z\*%i&ft 
X&Z. 

[0 0 4 7] TI2CD (^2) lix-^A^J^O, 
e»<D3 tf y h#CD^-^ (XI , X2 , X3 ) , ^^BU 
±)l<D2~D<Dy : — & (Yl , Y2 ) £Y1 , Y2 *rtUF 
tl\Zttfe-?Zl'zSX?Rl , R2 CD^-*CD^&£^kL 

[0 0 4 8] 
»2] 
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m i oAoiEi/^T^iLt*5, 7-fAmjjm 



[0 0 5 0] 
[^3] 
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*0*75f fcb*J 



[0 0 5 1] ^ 'J -fe;K£> 2 "Dy*—* (Yl , Y2 ) <D 

m-V&Z. ^uTW>^*S^f-^ (Yl . 40 
Y2) = (2, 2) K^/S^iTC^*. 
[0 0 5 2] EEPROM^>hD-m 

#J*tf, ««1 (^I7H^0-n) ^ntL^ 
€^?-^^A^$n^:^<h#. n = 3m+2 (m= 
0, 1, 2. •••) T^nt^JC (XI , X2 , X3 ) ffi 
m?<D-vmmte^. n = 3mC0«£teXl L^A#£n 50 



^ViCDT, EEPROMf^S|5TX2 =0, X3 = 0 £SS 
(XI , X2 , X3 ) fcAfflAx-S'ffiJIlElKS 
^A^-T^o n = 3m + lco«^teX3=0 St^TS! 

[0053] ««ti \z7-^m^^n^it m&2 

©•da^-^tt^r "0" ) 56Sn»fc««2fc- 
^Of'-^ ICffltt 2 G>»#$>«*&*5r-* flu IT 

Aarnwu:^. Ucvm, ^i^^mlt, 

^«2C05fe^r Kl/Xn + 1 = 3mc^S'&H^105 ; 
-^£t£T "0" , n + l = 3m+2CD«^7Hl/Xn 
-1, nCOf-^Hl, X2 ibT7Kl/Xn + l© 
7^-^X3 Kig^L^cl CD7 Kl/Xn- 2£TCD^- 
^££T "0\ n + l= 3m+l <D*&i$7 Hl/Xn© 
t-^$X1 tLT7Hl/Xn+L n + 2CDx— 
2. X3 JCiiUDL^l Or Hl/Xn- UTOf-^ 
££T "0" . fcLTfcit*. 2inSCD»fl£fcL E E P 
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(11) 4&M¥ 7-9 3 9 7 9 

19 20 

x-*«€?&***^ti£fc-5<fc5, («2) RZS (St fftotl*. ?-^0-Fa^U7T-fR*ffiL**fT*> 

3) IC^UT&S^S*;: (XI , X2 , X3 ) £ (Yl tlSOJi," gStC "l" £Wi "2" j»*a*nT^* 

, Y2 ) <OH«fim*ftTV>*. (*2) (3E tC5fc«a**«fft>n^:^<fc5lC-r-5fc*"C*«. 

3) iC^LTfe^ (XI . X2 , X3 ) £ (Yl , Y2 ^^^V^ifi^W^^^n^^^i;^. 
) <Z>BBfittt l^OfllTfcoTCnfcHSfcO'Tfttfc [0 0 5 6] 01011 JICD^ fcfl|j5££n&E E P R 

lift**. rtr>*. "1" x-^#^€r&£n*j*^u-feji/<h 

[0 0 5 43 09 (a) fc, 7 s -^»€ra*7;V=fUX "2" f-JsWiiiSW^tU-feJUfflBttta 

^.-^o+ttEEPROMrtTraBWfcfx^n-s. U77^ra*aiLfifO^ : eut^7Wfi»©tti&/T 

[0 0 5 5] 139 (b) tt. iiftl?— f. 
UXAWITV^. Mltr-^P-H^ [0 0 5 7] 

»*5&*l»7*mi:»*a*»^»* «4] 
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co 0 5 8] m 1 m, *5&w<n , &2<D%nm\z%>ttz> 40 200^ u-fe^T9iiooa*-&t3 

NORtJUEEPROMO, U -fe;i/7 W 1 <h bf th$**Tf#*. :<D^ 8 31 0 0>£*£-fett&JH V>T* 2 

-fe^MlOO^T, NORllt^*ifSr«. NORit lUiSWTH feJ^F^— h £*rr*R'&'3 2 OCD>^ U 

tsa^ns, i*cojw»y— hwL&*«-r*^*u [0059] ^dv^hjh** >a—^c 15 , ci6 

•fe^M«^-^$r«i^T^o ^^euir;nvi«^-coL^v^ tci7, c 1 8 -c-£tt-£n:7 u * ^ • ^ p ? 7&mf& 

"0" x-$\ Vt^VccPiT2. 5V£*±<D«^ tieiit>X • T>7£\sT*>mfeT*. ZUyZWm 

"2" x-^iLTteS-f 10(^>/^:Uir;P-C3^) 50 r 44 0 " £T " 1 " Xfi 
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"2" »*ii**-T<5^J • &&2jLfrT-*m&£L 
Tyy7U ^UlMtoP r "0" UTifi 
"1" Xte "2" LTV>**j . $ 

CI8Ti«Sn47Uy^«7P 
y^l r "1" "2"S#&*£ 

U-feJW r "2" <Z>flH8£«#LT^*a>, "0" Xtt 

[0 0 6 0] nft^MOSh7>vX^O^ Qn 
18 tt. yj^t-yifPRE^ "H" t^tKV 
PRfcfcfy hfcfclEaST*. Qnl9tt. fcfy h 
BLC^ "H M tfcoTbfy mt^Ktttfy M8«W» 
IsI»S:««r*. Qn20-Qn23, Q n 25-Q n28fct, 
±56© y • 7ny7 F l:77«nW5r-^l: 

JftUT, SfiEVBLH , VBLM , 0 V^aiRMfCfcfy h» 
KlEirr*. Qn24, Q29tt-tn«en«*SAC2 . S 
A CI & "H" t«itT7U y^ - 707^^7 
Qn30tt. 7V y? • yayflz^y 

. Qn31, Qn32£Qn33, Q 

n34H-tn-en*7Al«i#CSLl , CSL2 # 
"H M ^oT, jtf««7Uy7''7D5'7*tf-^ 

Ataxia 1 oa, 1 o b £SKWK««rr*. 

[0 0 6 1] ^0<t5Cl^n/tEEPROM 
<D»ff 12-14 fc^o TKWt5. H 1 2 |*jR* 

0 1 4«^'J7 7^ tt*HJL»ffC0^-f 

[0 0 6 2] «*ffiU«MtsH:, 2 0©£*1M*JUT* 

ft-mPRE^ M L" tftoTtyh»i7n- 
f-O^CSn*. KUT. «WY-hWLkt2. 5V 

o^of-^ "2" #«£a*nTv**« 
*® if? Mitt "L" u^Mcfc*. 

[0 0 6 3] -tr>X^f4|t:m^SEN2 , SE 

N2Btft-*n*ft " L " , "H" , 7yfSttft«fLA 
T2 , LAT2B*«-tn-€ ? n "L" , "H" t&oT, * 

p^M^w^cn, c is TflfjE&sn*:? 

rj v ? . yuy?W}±y bt<tlZ>. g#SAC2 # 

"h" hftr*x9uy9mm&<i>n—4rc 17, CI 
8 Ti«Sn47'Jy^- yny^LMy b»\t»»tS 

n "h" , "l" tttoTtfv Mi«ffi^-fe>xsnfc 

7yf»ttftBfLAT2, LAT2B75^n-etl 

-h" , " l ** i^o, zuyzmmiZ'On-fc i 

7 . C I 8 TtU3n57U 5/^ • 7D^C, 
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22 

r "2" "1" Xtt "0" 5*— **VI OfffS 

[0 0 6 4] K*fflLJB21J-<^MiR*fflL«ll»-f 

^;u<h, hwLo«jE^2. svn<v 

ccT^^Ci:, m^SEN2, SEN2B. LAT2 , L 
AT2B, SAC2 ©ftfrOfcW^SENl , S E NIB, 
LAT1 , L A TIB, SAC1 Ifititfl £ Z. ttfiM 

5. ±ot, ^fflLi2u-<^jrai ?uy?mm 

a-f>;WCI5, CI6TiJ8Sn-S7'Jy^-7 
O y r " 0 " M 1 " Xtt M 2 w 5 s -* 

[0 0 6 5] «±R9«Lfc2r>OK^UlL-tJ--<^^fcJ: 

S^n, >^EU-trJK7)L#^MV t ttVcc£Lfc£fct>T 
H*. Mfly-hWL$2 0VtlHyK»$ 

0 VKLTfTfctt*. 

[0066] »€ra*ftf^Ttt, sr^u^-^m^ 

PRE*f "L" LtZ-oXMy b&tfiyu—rJ >#\Zt< 
n<5. fi^VRF Yl , VRF Y2 , F I M, F I L# 
Vcc££:*„ "2" »€rii*©»-&tt, ^P^« 
-fWt— ^CI5. CI6TM$n-57U77*-7D 
U/^fC, ^D7^M^>A-^CI5 OUJ7j*« 

y hifiOVT^. "1" Xtt "2" »#&3MO»& 

tt, KyhiiivccKjstsns. 

[0 0 6 7] «l^T, ffBLC, VRF Y2 , F I 
M. F I LtftJEVSAAtl 0 V, fiJEEVBLH ^8 V, ^ 
JEVBLM #7 V£fc*. "1" »*a*CD»&tt, 
v2Wtt&4>rt— PC 17 . CI8 tl^n-5 7'j 
y^f* y n y 2Uy>? WlM^-i > C I 7 CO 

se>, tfy hiBLi:»7 v^jfra^n-s. "2" 
^coa^ntfy h»fi8V, "o M «€r&*<a«-£teo 

[0 0 6 8] "1" Xtt "2" «#3i*0»*tt, Mv 
MSB L tJWHiy- hWL^MMl'cfcoTiW^^ 

7VICbTM«iy-hWLi:<Z)«ttMSrl 9Vfc«»lb 

[0 0 6 9] 9*7L&ntm\z* ^^u-fc;Ko«*a* 

7r-fR*tilL + tt* ^jBEVBLH «Vcc. F IM«0V 
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23 

[0 0 7 0] ^U77-fa*ffll/H 2^<Z>g#lM'£7 

L<omf£t, fl^VRFYl , VRFY2, F I H^ttJ 

TteVRFYl (Dfr) . ff^VRFYl , VRFY2. 
F I HH Wy-hWL^O VidDiry h£ftrt:f£T 
m^SENl , S E N IB, L ATI , LATlB^tl^ 

n .. L „ ^ "h" , ** l M , "h" Kfc*imfcffl*£n 
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(54) [Title of the Invention] NONVOLATILE SEMICONDUCTOR 
STORAGE DEVICE 
(57) [Abstract] 

[Problem] To provide an EEPROM, which may store ternary 
information, and attain high-speed write verification 
operation without causing any erroneous verification. 
[Means for Resolution] This EEPROM has a memory cell array 
1 in which electrically rewritable memory cells are arranged 
in a matrix, and one memory cell is given three storage states. 
The EEPROM includes: a plurality of data circuits for 
temporarily storing the data for controlling the write 
operation state of a plurality of memory cells; a write circuit 
for performing write operation according to the contents of 
the data circuits respectively corresponding to the memory 
cells; write verification circuit for verifying the state of 
the memory cell after the write operation; and a data updating 
circuit for updating the contents of the data circuit to rewrite 
only to the memory cell insufficient of writing according to 
the contents of the data circuit and the state of the memory 
cell after the write operation, wherein the writing based on 
the contents of the data circuit, the write verification 
operation and the updating of the contents of the data circuit 
are repeated until the plurality of memory cells enters a 
predetermined write state. 
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[Claims ] 

[Claim 1] A nonvolatile semiconductor storage device, 
comprising: a memory cell array where electrically rewritable 
memory cells to which three or more storage states are given 
are arranged in a matrix; a plurality of data circuits for 
temporarily storing the data for controlling the write 
operation state of a plurality of memory cells in the memory 
cell array; a write means for performing write operation to 
the plurality of memory cells according to the contents of the 
respective corresponding data circuits; write verification 
means for verifying the state of the plurality of memory cells 
after the write operation; and means for updating the contents 
of the data circuits to rewrite only to the memory cell 
insufficient of writing according to the contents of the data 
circuit and the state of the memory cell after the write 
operation , wherein the write operation based on the contents 
of the data circuit , the write verification operation and the 
updating of the contents of the data circuit are repeated until 
the plurality of memory cells enter a predetermined write state 
to thereby electrically write data, 

[Claim 2] A nonvolatile semiconductor storage device, 
having a memory cell array where electrically rewritable memory 
cells are arranged in a matrix, one memory cell is put in three 
or more storage states to have arbitrary data "i" (i = 0, 1 
to n-1; m=3 ) and store the multivalued data, and the storage 
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state corresponding to the data "0" is the erase state, 
comprising: 

a plurality of data circuits having both a function of 
sensing data as a sense amplifier and a function of storing 
the sensed information as data for controlling the write 
operation state of a plurality of memory cells in the memory 
cell array ; 

write means for performing write operation according to 
the contents of the data circuits respectively corresponding 
to the plurality of memory cells; 

i-th (i = 1, 2, to n-1) write verification means for 
verifying whether or not the state of the plurality of memory 
cells after the write operation enters the data "1" storage 
state; 

i-th (i = 1, 2, to n-1) data circuit contents batch 
updating means for batch updating the contents of the data 
circuit concerning the data circuit corresponding to the memory 
cell, which is to be data "i", to rewrite only to the memory 
cell insufficient of writing according to the contents of the 
data circuit and the state of the memory cell after the write 
operation; and 

data circuit contents updating means for verifying the 
storage state using the i-th write verification means and batch 
updating using the i-th data circuit contents batch updating 
means concerning the data "1" to the data "n-1" (n-1) times 
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to thereby update the contents concerning all of the data 
circuits, wherein 

the i-th data circuit contents batch updating means 
corrects the potential of the bit line to which the state of 
the memory cell after the write operation is output according 
to the contents of the data circuit so that in the potential 
of the bit line to which the state of the memory cell after 
the write operation is output by the i-th write verification 
means , the potential of the bit line corresponding to the memory 

cell, which is to enter the data "i" state (i 2: 1), is 
sensed/stored as rewrite data, and the potential of the bit 
line corresponding to the memory cell, which is to enter the 
state except the data " i" is sensed/stored to hold the contents 
of the data circuit, holds the data storage state of the data 
circuit until the potential of the bit line is corrected, and 
operates the data circuit as a sense amplifier while the 
corrected potential of the bit line is kept to batch update 
the contents of the data circuit corresponding to the memory 
cell, which is to enter the data " i" state, and 

the write operation based on the contents of the data 
circuit and the updating of the contents of the data circuit 
are repeatedly performed until the plurality of memory cells 
enter a predetermined write state to thereby electrically write 
data. 

[Claim 3] The nonvolatile semiconductor storage device 
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according to claim 2 , wherein 

the data circuit controls the write operation state of 
the memory cell according to the data stored in the data circuit 
during the write operation and controls whether the state of 
the memory cell is changed to enter a predetermined write state, 
or the state of the memory cell is held in the state before 
the write operation, 

the i-th data circuit contents batch updating means, 
concerning the data circuit corresponding to the memory cell, 
which is to enter the data "i" write state, changes the data 
of the date circuit to the data for controlling to hold the 
state of the memory cell in the state before the write operation 
in the case where the memory cell corresponding to the data 
circuit storing the data for controlling the memory cell to 
change to enter the data "1" write state reaches the data "i" 
write state, sets the data for controlling to change the state 
of the memory cell to enter the data "i" write state in the 
data circuit in the case where the memory cell corresponding 
to the data circuit storing the data for controlling the memory 
cell to change to enter the data "1" write state does not reach 
the data "i" write state, and sets the data for controlling 
to hold the state of the memory cell in the state before the 
write operation in the case where the data for controlling to 
hold the state of the memory cell in the state before the write 
operation is stored in the data circuit, and also 
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the i-th data circuit contents batch updating means makes 
no alteration concerning the data circuit corresponding to the 
memory cell, which is to enter the write state except the data 
"i" . 

[Claim 4] The nonvolatile semiconductor storage device 
according to claim 3, wherein the memory cell is constructed 
by stacking a charge storage layer and a control gate on a 
semiconductor layer, and adapted to multivalued-store 
arbitrary data "i" (i = 0, 1, to n-1; n;>3 ) in the three or more 
valued storage states at the size of a threshold value, and 
a predetermined i-th verification potential is applied 
to the control gate by the i-th write verification means to 
verify whether or not the threshold value of the memory cell, 
which is to enter the data "i" state, is a desired threshold 
value . 

[Claim 5] The nonvolatile semiconductor storage device 
according to claim 4, wherein the storage state corresponding 
to data "0" is the erase state, the threshold corresponding 
to the data "n-1" state has the largest difference from the 
threshold corresponding to the data "0", the thresholds 
corresponding to the data "1" , "2", through "i", to "n-2" states 
are the values ranging from the threshold corresponding to the 
data "0" state to the threshold corresponding to the data "n-1" 
state , and the thresholds corresponding to the data "1", "2", 
through "i", to "n-2" states in the order of increasing the 
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threshold corresponding to the data "0" state, the nonvolatile 
semiconductor storage device includes : 

a first bit line potential setting circuit for setting 
only the potential of the bit line corresponding to the data 
circuit, the contents of which is the data controlling to hold 
the state of the memory cell in the state before the write 
operation in the potential of the bit line to which the state 
of the memory cell after the writing is output by the i-th write 
verification means to a first correction bit line potential 
to become the data controlling to hold the state of the memory 
cell in the state before the write operation when it is sensed 
by the data circuit; and 

a j-th bit line potential setting circuit for setting 
only the potential of the bit line corresponding to the data 
circuit, the contents of which is the data controlling to change 
the state of the memory cell to the data " j" write state among 
the bit lines corresponding to the memory cells, which are to 
enter the data "j" ( i+ lssj) state, in the potential of the bit 
line to which the state of the memory cell after the writing 
is output by the i-th (l<si<sn-2) write verification means to 
a second correction bit line potential to become the data 
controlling to change the state of the memory cell to the data 
"j" write state when it is sensed by the data circuit, and 

in order to update the contents of the data circuits, 
the potential of the bit line to which the state of the memory 
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cell after write operation is output by the i-th write 
verification is corrected to the contents of the data circuits 
by the first, (i+l)-th, (i+2)-th, through (n-l)-th bit line 
potential setting circuits. 

[Claim 6] The nonvolatile semiconductor storage device 
according to claim 5, wherein the data circuit is formed of 
a first data storage part storing whether or not the state of 
the memory cell is controlled to hold in the state before the 
write operation as information, and a second data storage part 
storing the information showing the write state "i" (i = 1, 
2, to n-1) to be stored by the memory cell in the case where 
the information of the first data storage part is the 
information that the state of the memory cell is not controlled 
to hold in the state before the write operation, and 

the first data storage part has a function of 
sensing/storing the potential of the bit line to which the state 
of the memory cell after the write operation is output by the 
i-th write verification, which is corrected by the first, 
(i+l)-th, (i+2)-th, to (n-l)-th bit line potential setting 
circuits according to the contents of the data circuit in order 
to update the contents of the data circuit. 

[Claim 7] The nonvolatile semiconductor storage device 
according to claim 6, wherein the nonvolatile semiconductor 
storage device includes : 

a write protection bit line voltage output circuit for 
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outputting the write protection bit line voltage to the bit 
line in the write operation in the case where the information 
of the first data storage part is the information that the state 
of the memory cell is controlled to hold in the state before 
the write operation; and 

an i-th write bit line voltage output circuit for 
outputting the bit line voltage in the i-th writing according 
to the information showing the write state "i" (i = 1, 2, to 
n-1) to be stored by the memory cell in the second data storage 
part in the case where the information of the first data storage 
part is the information that the state of the memory cell is 
not controlled to hold in the state before the write operation, 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

This invention relates to an electrically rewritable 
nonvolatile semiconductor storage device (EEPROM) and 
particularly to the multivalued storage EEPROM in which the 
information of one or more bits is stored in one memory cell. 
[0002] 
[Prior Art] 

NAND type EEPROM enabling high integration is known as 
one of the EEPROMs . In this EEPROM, two or more memory cells 
are connected in series with the sources and drains thereof 
shaped between the adjacent ones to form one unit, which is 
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connected to a bit line. Generally the memory cell has an 
FETMOS structure in which a charge storage layer and a control 
gate are stacked. The memory cell array is integrated in a 
p-type well formed in a p-type substrate or an n-type substrate. 
The drain side of the NAND cell is connected to the bit line 
through a select gate, and the source side is also connected 
to a common source line through a select gate. The control 
gates of the memory cell are continuously disposed in the row 
direction to form a word line. 
[0003] 

The operation of this NAND cell type EEPROM is as follows . 
Data is written in the memory cells in order from the memory 
cell positioned most away from the bit line first . High voltage 
Vpp (about 20V) is applied to the control gate of the selected 
memory cell to thereby apply intermediate voltage Vppm (about 
100V) to the control gate and the select gate of the memory 
cell on the bit line side, and apply 0V or intermediate voltage 
Vm (about 8V) to the bit line according to the data. When 0V 
is applied to the bit line, the potential is transferred to 
the drain of the selected memory cell, thereby causing 
injection of the electrons into the charge storage layer. Thus , 
the threshold of the selected memory cell is shifted in the 
positive direction. This state is taken as "1", for example. 
When Vm is applied to the bit line, injection of electrons is 
not caused effectively, so that the threshold will not change 
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and stop negative. This state is the erase state, which is 
taken as "0". Data is simultaneously written to, the memory 
cell sharing the control gate. 
[0004] 

Data is erased to all of the memory cells in the NAND 
cell at the same time. That is, all of the control gates are 
set to 0V, and the p-type well is set to 20V. At the time, 
the select gate, the bit line and the source line are also set 
to 20V. Thus, the electros of the charge storage layer are 
emitted to the p-type well in all of the memory cells so that 
the threshold is shifted in the negative direction. 
[0005] 

Data is read by setting the control gate of the selected 
memory cell at 0V, the control gates and the select gates of 
the other memory cells at the power supply potential Vcc (e.g. 
5V) and detecting whether or not a current flows through the 
selected memory cell. 
[0006] 

Because of the constraint on the read operation, the 
threshold after "1" is written should be controlled to range 
from 0V to Vcc. Therefore, rewrite data is set so that the 
write verification is performed to detect only the memory cell 
insufficient of writing "1", and rewriting is performed only 
to the memory cell insufficient of writing "1" (verification 
bit by bit. The memory cell insufficient of writing "1" is 
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detected by setting the selected control gate to 0.5V, for 

example, (verification voltage) to read. 

[0007] 

That is , when the threshold of the memory cell has a margin 
to 0V so that it does not exceed 0.5V, a current flows through 
the selected memory cell, which is detected to be insufficient 
of writing "1". Since naturally a current flow through the 
memory cell to be put in the "0" write state, a circuit called 
a verification circuit for compensating for a current flowing 
through the memory cell is provided so that this memory cell 
is not mistaken to be insufficient of writing "1". By the 
verification circuit, write verification can be executed at 
high speed. 
[0008] 

Data is written by repeating the write operation and the 
write verification, thereby optimizing the write time for the 
individual memory cells so that the threshold after writing 
"1" is controlled to range from 0V to Vcc. 
[0009] 

In order to implement multivalued storage in this NAND 
cell type EEPROM, it is considered that the state after writing 
is set to three states, "0", "1" and "2". In the "0" write 
state, the threshold is negative, in the "1" write state, the 
threshold ranges from 0V to l/2Vcc, and in the "2" write state, 
the threshold ranges from l/2Vcc to Vcc. In the conventional 
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verification circuit, the memory cell to be put in the "0" write 
state can be prevented from being mistaken for the memory cell 
insufficient of writing "1" or "2". 
[0010] 

The conventional verification circuit, however, has the 
disadvantage that since it is not for multivalued storage, in 
the case where the memory cell to be put in the "2" write state 
is insufficient of writing so that the threshold thereof is 
from the verification voltage for detecting whether or not it 
is insufficient of writing "1" to l/2Vcc, both inclusive, at 
the time of detecting whether or not it is insufficient of 
writing "1", no current flows through the memory cell, which 
is mistaken for the write insufficient one. 
[0011] 

In order to prevent mistaking for write insufficiency 
and perform multivalued write verification, it will be 
sufficient that verification write is performed by rewriting 
to the memory cell to be put in the "2" write state, which has 
entered the "1" write sufficient state, and detecting whether 
or not it is insufficient of writing "2" . In this case, however, 
since the memory cell to be put in the "2" write state is also 
put in the "2" write state after writing "1", it takes much 
time to write so that the write speed is low. 
[0012] 

[Problems that the Invention is to Solve] 
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As described above, the conventional EEPROM has the 
problem that when multivalued information is stored in the 
conventional NAND cell type EEPROM and verification is 
performed bit by bit in the conventional verification circuit, 
erroneous verification is caused. 
[0013] 

The invention has been made in the light of the above 
circumstances and it is an object of the invention to provide 
an EEPROM, which may store multivalued information and 
accelerate the write verification operation without causing 
any erroneous verification. 
[0014] 

[Means for Solving the Problems] 

The invention adopts the following constitution in order 
to solve the above problems. That is, the invention (claim 
1 ) is characterized in that a nonvolatile semiconductor storage 
device capable of storing multivalued data includes: a memory 
cell array where electrically rewritable memory cells to which 
three or more storage states are given are arranged in a matrix; 
a plurality of write data circuits for temporarily storing the 
data for controlling the write operation state of a plurality 
of memory cells; a write means for simultaneously performing 
write operation to the plurality of memory cells in the memory 
cell array according to the contents of the respective 
corresponding data circuits; write verification means for 
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simultaneously verifying the state of the plurality of memory 
cells after the write operation; and means for updating the 
contents of the write data circuits to rewrite only to the 
memory cell insufficient of writing according to the contents 
of the write data circuit and the state of the memory cell after 
the write operation, and the write operation based on the 
contents of the write data circuit, the write verification and 
the updating of the contents of the data circuit are repeated 
until the memory cells enter a predetermined write state. 
[0015] 

Further, the invention (claim 2) is characterized in that 
a nonvolatile semiconductor storage device having a memory cell 
array in which electrically rewritable memory cells are 
arranged in a matrix, one memory cell is put in three or more 
storage states to have arbitrary data " i" (i = 0, 1 to n-1; 
ns>3) and store the multivalued data, and the storage state 
corresponding to the data "0" is the erase state, includes: 
a plurality of data circuits having both a function as a sense 
amplifier and a function of storing the sensed information as 
data for controlling the write operation state of the memory 
cells; write means for simultaneously performing write 
operation to the plurality of memory cells in the memory cell 
array according to the contents of the respective corresponding 
data circuits; i-th write verification means for 
simultaneously verifying whether or not the state of the 
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plurality of memory cells after the write operation enters the 
data " 1" storage state (1 = 1, 2 , through n-1 ) ; i-th data circuit 
contents batch updating means (i = 1 through n-1) for batch 
updating the contents of the data circuit concerning the data 
circuit corresponding to the memory cell, which is to be data 
"i", to rewrite only to the memory cell insufficient of writing 
according to the contents of the data circuit and the state 
of the memory cell after the write operation; and data circuit 
contents updating means for verifying the storage state using 
the i-th write verification means and batch updating using the 
i-th data circuit contents batch updating means concerning the 
data "1" to the data "n-1" (n-1) times to thereby update the 
contents concerning all of the plurality of data circuits, 
wherein the i-th data circuit contents batch updating means 
corrects the potential of the bit line to which the state of 
the memory cell after the write operation is output according 
to the contents of the data circuit so that in the potential 
of the bit line to which the state of the memory cell after 
the write operation is output by the i-th write verification 
means , the potential of the bit line corresponding to the memory 
cell, which is to enter the data "i" state (i ^ 1), is 
sensed/stored as rewrite data, and the potential of the bit 
line corresponding to the memory cell, which is to enter the 
state except the data "i" is sensed/stored to hold the contents 
of the data circuit, holds the data storage state of the data 
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circuit until the potential of the bit line is corrected, and 
operates the data circuit as a sense amplifier while the 
corrected potential of the bit line is kept to batch update 
the contents of the data circuit corresponding to the memory 
cell, which is to enter the data "i" state, and the write 
operation based on the contents of the data circuit and the 
updating of the contents of the data circuit are repeatedly 
performed until the memory cells enter a predetermined write 
state to thereby electrically write data. 
[0016] 

The following are cited as preferable modes for carrying 
out the invention. 

(1) A data circuit controls the write operation state of the 
memory cell according to the data stored in the data circuit 
during the write operation and controls whether the state of 
the memory cell is changed to enter a predetermined write state, 
or the state of the memory cell is held in the state before 
the write operation. 

(2) The i-th data circuit contents batch updating means, 
concerning the data circuit corresponding to the memory cell, 
which is to enter the data "i" write state, changes the data 
of the date circuit to the data for controlling to hold the 
state of the memory cell in the state before the write operation 
in the case where the memory cell corresponding to the data 
circuit storing the data for controlling the memory cell to 
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change to enter the data "1" write state reaches the data "i" 
write state, sets the data for controlling to change the state 
of the memory cell to enter the data "i" write state in the 
data circuit in the case where the memory cell corresponding 
to the data circuit storing the data for controlling the memory 
cell to change to enter the data "1" write state does not reach 
the data "i" write state, and sets the data for controlling 
to hold the state of the memory cell in the state before the 
write operation in the case where the data for controlling to 
hold the state of the memory cell in the state before the write 
operation is stored in the data circuit, and also the i-th data 
circuit contents batch updating means makes no alteration 
concerning the data circuit corresponding to the memory cell, 
which is to enter the write state except the data "i". 

(3) A memory cell is constructed by stacking a charge storage 
layer and a control gate on a semiconductor layer, the memory 
cell is adapted to multivalued-store arbitrary data "i" (i = 
0, 1, to n-1; n=>3) in the three or more valued storage states 
at the size of a threshold value, and a predetermined i-th 
verification potential is applied to the control gate by the 
i-th write verification means to verify whether or not the 
threshold value of the memory cell, which is to enter the data 
"i" state, is a desired threshold value. 

(4) The storage state corresponding to data "0" is the erase 
state, the threshold corresponding to the data "n-1" state has 
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the largest difference from the threshold corresponding to the 
data "0", the thresholds corresponding to the data "1", "2", 
through " i" , to "n-2" states are the values ranging from the 
threshold corresponding to the data "0" state to the threshold 
corresponding to the data "n-1" state, and the thresholds 
corresponding to the data "1", "2", through "i", to "n-2" 
states in the order of increasing the threshold corresponding 
to the data "0" state, the nonvolatile semiconductor storage 
device includes: a first bit line potential setting circuit 
for setting only the potential of the bit line corresponding 
to the data circuit, the contents of which is the data 
controlling to hold the state of the memory cell in the state 
before the write operation in the potential of the bit line 
to which the state of the memory cell after the writing is output 
by the i-th write verification means to a first correction bit 
line potential to become the data controlling to hold the state 
of the memory cell in the state before the write operation when 
it is sensed by the data circuit; and a j-th bit line potential 
setting circuit for setting only the potential of the bit line 
corresponding to the data circuit, the contents of which is 
the data controlling to change the state of the memory cell 
to the data " j" write state among the bit lines corresponding 
to the memory cells, which are to enter the data "j" (i+ l<sj) 
state, in the potential of the bit line to which the state of 
the memory cell after the writing is output by the i-th ( l<;i<sn-2 ) 
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write verification means to a second correction bit line 
potential to become the data controlling to change the state 
of the memory cell to the data " j" write state when it is sensed 
by the data circuit , and in order to update the contents of 
the data circuits, the potential of the bit line to which the 
state of the memory cell after write operation is output by 
the i-th write verification is corrected to the contents of 
the data circuits by the first, (i+l)-th, (i+2)-th, through 
(n-l)-th bit line potential setting circuits. 
( 5 ) A data circuit is formed of a first data storage part storing 
whether or not the state of the memory cell is controlled to 
hold in the state before the write operation as information, 
and a second data storage part storing the information showing 
the write state " i" ( i = 1 , 2 , to n-1) to be stored by the memory 
cell in the case where the information of the first data storage 
part is the information that the state of the memory cell is 
not controlled to hold in the state before the write operation, 
and the first data storage part has a function of 
sensing/storing the potential of the bit line to which the state 
of the memory cell after the write operation is output by the 
i-th write verification, which is corrected by the first, 
(i+l)-th, (i+2)-th, to (n-l)-th bit line potential setting 
circuits according to the contents of the data circuit in order 
to update the contents of the data circuit. 

(6) A nonvolatile semiconductor storage device includes: a 
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write protection bit line voltage output circuit for outputting 
the write protection bit line voltage to the bit line in the 
write operation in the case where the information of the first 
data storage part is the information that the state of the 
memory cell is controlled to hold in the state before the write 
operation; and an i-th write bit line voltage output circuit 
for outputting the bit line voltage in the i-th writing 
according to the information showing the write state "i" (i 
= 1, 2, to n-1) to be stored by the memory cell in the second 
data storage part in the case where the information of the first 
data storage part is the information that the state of the 
memory cell is not controlled to hold in the state before the 
write operation. 

(7) A first bit line potential setting circuit and a write 
protection bit line voltage output circuit are a common first 
bit line voltage control circuit , the input voltage of which 
is the voltage such that in writing, the output becomes write 
protection bit line voltage, and the voltage such that in 
updating the contents of the data circuit, the output becomes 
a first correction bit line potential, and a j-th (j= 2, 3, 
to n-1) bit line potential setting circuit and a j-th write 
bit line voltage output circuit are a common j-th bit line 
voltage control circuit, the input voltage of which is the 
voltage such that in writing, the output becomes the j-th write 
bit line voltage, and the voltage such that in updating the 
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contents of the data circuit, the output becomes a second 
correction bit line potential. 

(8) A memory cell is formed by stacking a charge storage layer 
and a control gate on a semiconductor layer, and the memory 
cells are connected in series by two or more to form a NAND 
cell structure. 

(9) A memory cell is formed by stacking a charge storage layer 
and a control gate on a semiconductor layer to form a NOR cell 
structure. 

[0017] 
[Operation] 

The multivalued (n-valued) storage type EE PROM of the 
invention is adapted to perform verification read operation 
from the (n-1) basic operation cycles. When the erase state 
is taken as "0" and the multivalued levels are taken as "0", 
"1", through "i", to "n-1" in the order of increasing the 
threshold, in the i-th cycle, it is verified only whether or 
not "i" write is sufficient. Accordingly, the EEPROM 
includes: the verification potential generation circuit for 
applying verification voltage of a predetermined i-level at 
the i-th cycle; and the sense amplifier for detecting whether 
or not writing is sufficient by detecting the voltage of the 
bit line. The first verification circuit is provided so that 
when the bit line to which "0" through "i-1" are written at 
the i-th cycle is already detected to be sufficient of writing, 
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the current of the memory cell is compensated, and when it is 
detected to be insufficient of writing, the current of the 
memory cell is not compensated. The second verification 
circuit is provided so that when the bit line to which "i+1" 
through "n-1" are written at the i-th cycle is already detected 
to be sufficient of writing, the current of the memory cell 
is compensated by the first verification circuit, and when it 
is detected to be insufficient of writing, the bit line voltage 
is set to let the current of the memory cell flow. 
[0018] 

Further, the EEPROM of the invention includes: a first 
register storing the information on whether or not writing is 
sufficient as data; and a second register storing the 
information on which the write multivalued level is among "1" 
through "n-1", wherein the first register has a function as 
the sense amplifier as well to detect whether or not the first 
register is sufficient of writing. Further, the EEPROM is 
characterized by providing the bit line write voltage output 
circuit for outputting the bit line voltage in writing 
according to a desired write state so that when the memory cell 
not reaching the desired write state is found, rewriting is 
performed only to the memory cell. 
[0019] 

In the invention, after multivalued data is written, it 
is detected whether or not the write state of the individual 



memory cells reaches its desired multivalued level state. 
When the memory cell not reaching the desired multivalued level 
is found, the bit line voltage in writing is output according 
to the desired write state to perform rewriting only to that 
memory cell. The write operation and the verification reading 
are repeated, and on verifying that all of the memory cells 
reach the desired write state, writing of data is ended. 
[0020] 

According to the invention, as described above, one write 
time is set short, and the write operation is repeated little 
by little while the progress of the write state is checked, 
whereby finally the threshold of the memory cell ending writing 
of data can be made smaller at high speed. 
[0021] 

[Embodiments ] 

The embodiments of the invention will now be described 
with reference to the drawings. Fig. 1 is a block diagram 
showing the schematic configuration of a NAND cell type EEPROM 
according to a first embodiment of the invention. 
[0022] 

A memory cell array 1 is provided with a bit line control 
circuit 2 for controlling a bit line in reading/writing, and 
a word line driving circuit 7 for controlling the potential 
of a word line. The bit line control circuit 2 and the word 
line driving circuit 7 are respectively selected by a column 
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decoder 3 and a low decoder 8. The bit line control circuit 
2 exchange read data/write data with an input/output data 
conversion circuit 5 through a data input/output line ( IO line) • 
The input/output data conversion circuit 5 converts the read 
multivalued information of a memory cell to binary information 
to be output to the outside, and converts the binary information 
of write data input from the output to the multivalued 
information of the memory cell. The input/output data 
conversion circuit 5 is connected to a data input/output buffer 
6 for controlling the data input /output to and from the outside. 
A data write end detection circuit 4 detects whether or not 
writing of data is ended. 
[0023] 

Figs. 2 and 3 show the concrete configurations of the 
memory cell array 1 and the bit line control circuit 2. Memory 
cells Ml to M8 and select transistors SI, S2 constitute a NAND 
form cell. One end of the NAND form cell is connected to a 
bit line BL, and the other end thereof is connected to a common 
source line Vs. Select gates SGI, SG2 and control gates CGI 
to CG8 are shared among two or more NAND form cells, and the 
memory cells sharing one control gate constitute a page. The 
memory cell stores data at its threshold Vt, and stores it as 
"0" data when Vt is 0V or less, as "1" data when Vt is from 
0V to 1.5V, both inclusive, and as "2" data when Vt is from 
1.5V to the power supply voltage, both inclusive. One memory 
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cell is given three states, and two memory cells can make a 
combination in nine ways. Among these, eight ways of 
combinations are used to store the data for 3 bits in two memory 
cells . In the present embodiment, the data for 3 bits is stored 
in a set of the two adjacent memory cells sharing the control 
gate. The memory cell array 1 is formed on a dedicated p-well. 
[0024] 

Clock synchronization inverters CI1, CI2, and CI3, CI4 
respectively constitute a flip-flop to latch write/read data. 
These operate as a sense amplifier as well. The flip-flop 
constructed by the clock synchronization inverters CI1, CI2 
latches ""0" write? or "1" or "2" write?" as write data 
information, and the memory cell latches ""0" information is 
held? "1" or "2" information is held?" as read data information. 
The flip-flop constructed by the clock synchronization 
inverters CI3, CI4 ""1" write? "2" write?" as write data 
information, and the memory cell ""2" information is held? "0" 
or "1" information is held?" as read data information. 
[0025] 

In an n-channel MOS transistor, Qnl transfers voltage 
VPR to a bit line when a pre-charge signal PRE goes high. Qn2 
connects a bit line and a main bit line control circuit to each 
other when a bit line connection signal BLC goes high. Qn3 
to Qn6, Qn9 to Qnl2 selectively transfer voltage VBLH, VBLM, 
VBLL to a bit line according to the data latched by the above 
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flip-flops. The Qn7 and Qn8 respectively connect the 
flip-flop and a bit line to each other when the signals SAC2, 
SAC1 go high. Qnl3 is provided for detecting whether or not 
the data for one page latched by the flip-flops are all the 
same. Qnl4, Qnl5 and Qnl6, Qnl7 selectively connect the 
corresponding flip-flops and the data input/output lines IOA, 
IOB to each other when the column select signals CSL1, CLL2 
go high. 
[0026] 

In Fig . 3 , an inverter part shown in Fig . 19(a) is omitted , 
and it has a circuit configuration shown in Fig. 19(b). The 
operation of the thus constructed EEPROM will now be described 
according to Figs. 4 to 6 . Fig. 4 shows the timing of read 
operation, Fig. 5 shows the timing of write operation, and Fig. 
6 shows the timing of verification read operation. All of the 
charts illustrate the case where the control gate C4 is 
selected. 
[0027 ] 

The read operation is performed in two basic cycles. In 
a first cycle of reading, first the voltage VPR becomes the 
power supply voltage Vcc so that the bit line is pre-charged, 
a pre-charge signal PRE goes low so that the bit line is floated. 
Subsequently, the select gates SGI, SG2 and the control gates 
CGI to CG3, CG5 to CG8 are set to Vcc. Simultaneously, the 
control gate CG4 is set to 1.5V. Only when the Vt of the 
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selected memory cell is 1.5V or more, that is, only when the 

data "2" is written, the bit line is kept high. 

[0028] 

After that, the sense activation signals SEN2 , SEN2B 
respectively go low and high, and the latch activation signals 
LAT2, LAT2B respective go low and high, so that the flip-flop 
constructed by the clock synchronization inverters CI3 and CI4 
is reset. The signal SAC 2 goes high so that the flip-flop 
constructed by the clock synchronization type inverters CI3, 
CI4 and the bit line are connected to each other. First the 
sense activation signals SEN2, SEN2B respectively go high and 
low, and the potential of the bit line is sensed. After that, 
the latch activation signals LAT2 , LAT2B respectively go high 
and low, so that the information ""2" data?, "1" or "0" data?" 
is latched by the flip-flop constructed by the clock 
synchronization inverters CI3, CI4. 
[0029] 

A second cycle of reading is different from the first 
cycle of reading in that the voltage of the selected control 
gate CG4 is not 1.5V, but 0V, and instead of the signals SEN2 , 
SEN2B, LAT2, LAT2B and SAC 2 , the signals SEN1, SENlB, LAT1, 
LAT1B, SAC1 are output. Accordingly, in the second cycle of 
reading, the information ""0" data? "1" or "2" data?" is latched 
by the flip-flop constructed by the clock synchronization 
inverters CI1, CI2 . 
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[0030] 

By the two described cycles of reading, the data written 
to the memory cell is read out. Prior to writing of data, the 
data of the memory cell is erased so that the threshold Vt of 
the memory cell is 0V or less. The data is erased by setting 
the p-well, the common source line Vs, and the select gates 
SGI, SG2 to 20V, and setting the control gates CGI to CG8 to 
0V. 

[0031] 

In the write operation, first the pre-charge signal PRE 
goes low so that the bit line is floated. The select gate SGI 
is set to Vcc, and the control gates CGI to CG8 are set to Vcc. 
The select gate SG2 is 0V in the process of write operation. 
Simultaneously the signals VRFY1 , VREY2 , FIM, FIH are Vcc. In 
the case of "0" writing, since the data is latched by the 
flip-flop constructed by the clock synchronization inverters 
CI1, CI2 so that the output of the clock synchronization 
inverter CI1 goes high, the bit line is charged with Vcc. In 
the case of "1" or "2" writing, the bit line is 0V. 
[0032] 

Subsequently, the select gate SGI, the control gates CGI 
to CG8, the signal BLC, the signal VRFYl and the voltage VSA 
are 10V, the voltage VBLH is 8V, and the voltage VBLM is IV. 
In the case of "1" writing, since the data is latched by the 
flip-flop constructed by the clock synchronization inverters 
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CI3, CI4 so that the output of the clock synchronization 
inverter CI3 goes high, IV is applied to the bit line BL. In 
the case of "2" writing, the bit line is OV, and in the case 
of "0" writing, it is 8V. After that, the selected control 
gate CG4 is set to 20V. 
[0033] 

In the case of "1" or "2" writing, electrons are injected 
into a charge storage layer of the memory cell by potential 
difference between the bit line BL and the control gate CG4 , 
so that the threshold of the memory cell rises. In the case 
of "1" writing, it is necessary that the amount of electric 
charges to be injected into the charge storage layer of the 
memory cell is made smaller than that in the case of "2" writing, 
so the bit line BL is set to IV to reduce the potential difference 
from the control gate CG4 to 19V. However, even if this 
reduction of potential difference is not caused, the invention 
can be implemented. In the case of "0" writing, the bit line 
voltage is 8V so that the threshold of the memory cell is not 
changed effectively. 
[0034] 

At the end of write operation, first the select gate SGI 
and the control gates CGI to CG8 are set to 0V, and the voltage 
8V of the bit line BL in "0" writing is reset to 0V late. The 
reason for this is that when the order is reversed, temporarily 
the state of "2" or "1" write operation is caused so that in 
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"0" writing , wrong data is written, 
[0035] 

Verification read is performed so that after the write 
operation, the write state of the memory cell is verified to 
perform additional writing only to the memory cell insufficient 
of writing. During the verification reading, the voltage VBLH 
is Vcc, VBLL is 0V, and FIM is 0V. 
[0036] 

The verification reading is performed in two basic cycles . 
This basic cycle is similar to the second cycle of reading. 
The difference is that the voltage of the selected control gate 
CG4 and the signals VRFYl, VRFY2 and FIH are output (only VRFYl 
in the first cycle of verification reading) . The signals VRFYl , 
VRFY2 and FIH are output after the select gates SGI, SG2 , and 
the control gates CGI to CG8 are reset to 0V, and before the 
signals SENl, SEN1B, LAT1 , LAT1B respectively go low, high, 
low and high. In other words, they are output after the 
potential of the bit line is determined by the threshold of 
the memory cell, and before the flip-flop constructed by the 
clock synchronization inverters CI1, CI2 is reset. The 
voltage of the selected control gate CG4 is set high as much 
as 2V(the first cycle), 0.5V (the second cycle) corresponding 
to 1.5V (the first cycle) and 0V(the second cycle) in reading 
to secure a threshold margin of 0.5V. 
[0037] 
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The voltage of the bit line BL determined by the data 
(data 1) latched in the flip-flop constructed by the clock 
synchronization inverter CIl , CI2 , data (data 2) latched in 
the flip-flop constructed by the clock synchronization 
inverters CI3, CI4 and the threshold of the selected memory 
cell will now be described. The data 1 controls ""0" write? 
"1" or "2" write?", in the case of "0" writing , Qn3 is in the 
on state, and in the case of "1" or "2" writing, Qn6 is in the 
on state. The data 2 controls "1" write? "2" write?", and in 
the case of "1" write, QnlO is in the on state, and in the case 
of "2" write, Qnll is in the on state. 
[0038] 

Since the data of the memory cell is "0" in the first 
cycle of verification read in "0" data writing ( initial writing 
data "0") , when the control gate CG4 becomes 2V, the potential 
of the bit line is set low by the memory cell. After that, 
the signal VRFYl goes high so that the bit line BL goes high. 
[0039] 

In the first cycle of verification read in "1" data 
writing (initial write data is "1"), the data of the memory 
cell is to be "1", so the threshold of the memory cell is 1.5V 
or less, and when the control gate CG4 becomes 2V, the potential 
of the bit line is set low by the memory cell. After that, 
the signal VERYl goes high, so that in the case where the "1" 
write is sufficient and data 1 shows "0" write, the bit line 
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BL goes high ((1) in Fig. 6), or the bit line BL goes low ((2) 

in Fig. 6 ) . 

[0040] 

In the first cycle of verification reading in "2" data 
write (initial write data is "2"), in the case where the data 
of the selected memory cell does not enter "2" ("2" write 
insuf f icient ) , when the control gate CG4 becomes 2V, the 
potential of the bit line is set low by the memory cell ((5) 
in Fig. 6). In the case where the selected memory cell is 
sufficient of "2" writing, even if the control gate CG4 becomes 
2V, the potential of the bit line is kept high ((3), (4) in 
Fig. 6). (3) in Fig. 6 shows the case where "2" writing is 
sufficient and the data 1 shows "0" write. In this case, the 
signal VRFYl goes high, so that the bit line BL is recharged 
by the voltage VBH. 
[0041] 

In the second cycle of verification reading in "0" data 
write (initial write data is "0" ) , since the data of the memory 
cell is "0", when the control gate CG4 becomes 0.5V, the 
potential of the bit line is set low by the memory cell. After 
that, the signal VRFYl goes high so that the bit line BL goes 
high. 
[0042] 

In the second cycle of verification reading in "1" data 
write (initial write data is "1"), in the case where the data 
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of the select memory cell is not "1" ("1" write insufficient), 
when the control gate CG4 becomes 0.5V, the potential of the 
bit line is set low by the memory cell ((8) in Fig. 6). In 
the case where the selected memory cell is sufficient of "1" 
writing, even if the control gate CG4 becomes 0.5V, the 
potential of the bit line is kept high ( (6) (7) in Fig. 6) . (6) 
in Fig. 6 shows the case where "1" write is already sufficient 
and the data 1 shows "0" write. In this case, the signal VRFYl 
goes high so that the bit line BL is recharged with the voltage 
VBH. 
[0043] 

In the second cycle of verification reading in "2" data 
write (initial write data is "2" ) , since the data of the memory 
cell is to be "2", when the threshold of the memory cell is 
0.5V or more, whether "2" writing is sufficient or insufficient, 
even if the control gate CG4 becomes 0.5V, the potential of 
the bit line is kept high ((9), (10) in Fig. 6). In the case 
where "2" writing is insufficient and the threshold of the 
memory cell is 0.5V or less, the bit line goes low ((11) in 
Fig. 6). 
[0044] 

After that, the signals VRFYl, VRFY2 , FIH go high, so 
that in the case where "2" writing is already sufficient and 
the data 1 shows "0" write, the bit line BL goes high ((9) in 
Fig. 6), or the bit line BL goes low ( (10) , (11) in Fig. 6) . 
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By this verification read operation , the rewrite data is set 
as shown in the following table (Table 1 ) according to the write 
data and the write state of the memory cell by the verification 
read operation. 
[0045] 



[Table 1] 



Write data 
Data of cell 


00011222 
0120 1012 


Rewrite data 


00010220 



As is known from the table 1, "1" is again written only 
to the memory cell insufficient of "1" writing, and "2" is again 
written only to the memory cell insufficient of "2" writing. 
When writing of data is sufficient in all of the memory cells, 
Qnl3 of all columns are turned off so that data write end 
information is output by a signal PENDB. 
[0046] 

Fig. 7 shows the input /output operation timing of data, 
(a) is the data input timing, and (b) is the data output timing. 
After the data input 3 cycle from the outside, data input to 
the bit line control circuit 2 is generated by the input/output 
data conversion circuit 5 and input. The data (XI, X2 , X3 ) 
for 3 bits from the outside is converted to data (Yl, Y2 ) of 
two memory cells, and effectively the converted data is set 
in a register Rl constructed by the clock synchronization type 
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inverters CI1 , CI2 of the bit line control circuit 2 and a 
register R2 constructed by the inverters CI3, CI4 through data 
input/output lines IOA, IOB. The read data latched in the 
registers Rl , R2 is transferred, converted and output to the 
input/output data conversion circuit 5 through the data 
input/output lines IOA, IOB. The column select signals CSLli 
and CSL2i seen in Fig. 3 are taken as the same signal , and instead 
of it, the IOA, IOB are divided into two systems, thereby easily 
gaining access to two registers of the same column at the same 
time to be effective for shortening the access time. 
[0047] 

The following table (Table 2) shows the relationship 
among the data (XI, X2, X3 ) for 3 bits from the outside, two 
data (YI, Y2 ) of the memory cell and the data of the registers 
Rl, R2 corresponding to Yl, Y2, respectively, in the data input 
time. 
[0048] 



[Table 2] 



Input data 


Cell data 


IOA line data 


Cell Y, 


Cell Y 2 


Xi X2 X3 


Yi Y 2 


Register Register 
R1 R2 


Register Register 
R1 R2 


000 
0 0 1 
0 1 0 

0 1 1 

1 0 0 
1 0 1 
1 1 0 
1 1 1 


0 0 
0 2 

0 1 

1 2 
1 0 

1 1 

2 0 
2 1 


H 
H 
H 

L H 
L H 
L H 
L L 
L L 


H 

L L 
L H 
L L 
H - I 
L H 
H 

L H 


Pointer write instruction 


2 2 


L L 


L L 
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[0049] 

The data of the register is represented by voltage level 
of the input/output line IOA at the data transfer time. The 
data input /output line IOB is omitted because it is a reversing 
signal of IOA. The following table (Table 3) is that one at 
the data output time. 
[0050] 



[Table 3] 



IOA line data 


Cell data 


Output data 


Cell Yi 


Cell Y 2 


RegisterRI 


Register R2 


RegisterRI 


Register R2 


Yi 


Y 2 


X, 


X 2 X3 


L 


L 


L 


L 


0 


0 


0 


0 0 


L 


L 


H 


H 


0 


2 


0 


0 1 


L 


L 


H 


L 


0 


1 


0 


1 0 


H 


L 


H 


H 


1 


2 


0 


1 1 


H 


L 


L 


L 


1 


0 


1 


0 0 


H 


L 


H 


L 


1 


1 


1 


0 1 


H 


H 


L 


L 


2 


0 


1 


0 0 


H 


H 


H 


L 


2 


1 


1 


1 1 


H 


H 


H 


H 


2 


2 


Pointer flag output 



In the present embodiment, the level of IOA at the input time 
and the level of IOA at the output time are reversed for the 
same data. 
[0051] 

Among nine combinations of two data ( YI , Y2 ) of the memory 
cell, one is surplus, so it can be used for pointer information 
and file management information. In this case, the pointer 
information is made correspond to the cell data (Yl, Y2 ) = (2, 
2). 

[0052] 
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Fig. 8 shows the concept of a page as a data write unit, 
seen from a microprocessor for controlling the EEPROM. In this 
case, one page is N byte, representing an address (a logical 
address), seen from the microprocessor. For example, when 
write data is input only to a region 1 (logical address 0 to 
n), in the case of n=3m + 2 (m=0, 1, 2, ...) , (XI, X2, X3 ) is 
always complete, so no problem occurs. Since only XI is input 
in the case of n=3m, X2 = 0 and X3=0 are generated in the interior 
of the EEPROM to input (XI, X2, X3 ) to the input /output data 
conversion circuit 5 . In the case of n=3m + 1 , X3= is generated 
in the interior. The same may be said of the case where n is 
equal to N. 
[0053] 

After the data is written to the region 1 (the write data 
of a region 2 are all "0" ) , in the case of additionally writing 
data to the region 2, the part of the region 1 is read, and 
the write data in the part of the region 2 may be added to the 
read data and input. Or the part of the region 1 is read, and 
in the case of the head address n+l=3m of the region 2, the 
data of the region 1 are all "0". In the case of n+l=3m+2, 
the data at addresses n-1, n are taken as XI, X2 to be added 
to the data X3 at the address n+1 , and the data up to the address 
n-2of the region 1 may be all "0". In the case of n+l=3m+l, 
the data at the address n is taken as XI to be added to the 
data X2, X3 at the addresses n+1, n+2 , and the data up to the 
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address n-1 of the region 1 may be all "0". It is easy to 
automatically these operations in the interior of the EEPROM. 
The relationship between (XI, X2, X3 ) and (Yl, Y2 ) is, as shown 
in Table 2 and Table 3, made so that the additional data write 
is enabled. The relationship between (XI, X2, X3 ) and (Yl, 
Y2 ) shown in Table 2 and Table 3 is an instance, so this is 
not restrictive. Further, when the number of regions is 3 or 
more, the additional data write can be similarly performed. 
[0054] 

Fig. 9(a) shows a data write algorithm. After data 
loading, write, verification read and write end detecting 
operations are repeatedly performed. The operations enclosed 
in a dotted line are automatically performed in the interior 
of the EEPROM. 
[0055] 

Fig. 9(b) shows an additional data write algorithm. 
After reading and data loading, verification read, write end 
detection and write operations are repeatedly performed. The 
operations enclosed in a dotted line are automatically 
performed in the interior of the EEPROM. The reason for 
performing verification read after data loading is that data 
is not written to the region where " 1 " or " 2 " is already written . 
If not, excess writing occurs in some case. 
[0056] 

Fig. 10 shows the write characteristics of threshold of 
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the memory cells in the thus constructed EEPROM. The memory 
cell to which "1" data is written and the memory cell to which 
"2" is written are simultaneously written and the write time 
thereof is controlled independently. The following table 
(Table 4) shows the potential of each part of the memory cell 
array at the time of erasing, writing, reading and verification 
reading. 
[0057] 



[Table 4] 





Erase 


Write 


Read 


Verify read 






First cycle Second cycle 


First cycle Second cycle 


BL 


20V 


8V1V0V 


H only "2" read L only "0" read 


SEE Fig. 6 


SG1 


20V 


10V 


5V 


5V 


CG1 


OV 


10V 


5V 


5V 


CG2 


OV 


10V 


5V 


5V 


CG3 


OV 


10V 


5V 


5V 


CG4 


OV 


20V 


1 5V 0V 


2V 0.5V 


CG5 


OV 


10V 


5V 


5V 


CG6 


OV 


10V 


5V 


5V 


CG7 


OV 


10V 


5V 


5V 


CG8 


OV 


10V 


5V 


5V 


SG2 


20V 


OV 


5V 


5V 


Vs 


20V 


OV 


OV 


OV 


Pwell 


20V 


0V 


OV 


OV 



[0058] 

Fig. 11 shows a concrete configuration of a memory cell 
array 1 and a bit line control circuit 2 of a NOR cell type 
EEPROM according to a second embodiment of the invention. The 
NOR type cell is constituted only by memory cells M10. One 
end of the NOR form cell is connected to a bit line BL, and 
the other end is connected to a common grounding line. The 
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memory cells M sharing one control gate WL constitute a page. 
The memory cell M stores data at its threshold Vt, and stores 
it as "0" data when Vt is Vcc or more, as "1" data when Vt is 
from 2.5V to Vcc, both inclusive, and as "2" data when Vt is 
from 0V to 2.5V, both inclusive. One memory cell is given three 
states, and two memory cells can make a combination in nine 
ways. Among these, eight ways of combinations are used to store 
the data for 3 bits in two memory cells. In the present 
embodiment, the data for 3 bits is stored in a set of the two 
adjacent memory cells sharing the control gate. 
[0059] 

Clock synchronization inverters CI5, CI6, and CI7, CI8 
respectively constitute a flip-flop to latch write/read data. 
These operate as a sense amplifier as well. The flip-flop 
constructed by the clock synchronization inverters CI5, CI6 
latches ""0" write? or "1" or "2" write?" as write data 
information, and the memory cell latches ""0" information is 
held? "1" or "2" information is held?" as read data information. 
The flip-flop constructed by the clock synchronization 
inverters CI7, CI8 ""1" write? "2" write?" as write data 
information, and the memory cell ""2" information is held? "0" 
or "1" information is held?" as read data information. 
[0060] 

In an n-channel MOS transistor, Qnl8 transfers voltage 
VPR to a bit line when a pre-charge signal PRE goes high. Qnl9 
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connects a bit line and a main bit line control circuit to each 
other when a bit line connection signal BLC goes high. Qn2 0 
to Qn23, Qn25 to Qn2 8 selectively transfer voltage VBLH, VBLM, 
OV to a bit line according to the data latched by the above 
flip-flops. The Qn24 and Qn2 9 respectively connect the 
flip-flop and a bit line to each other when the signals SAC 2 , 
SAC1 go high. Qn3 0 is provided for detecting whether or not 
the data for one page latched by the flip-flops are all the 
same. Qn31, Qn32 and Qn3 3, Qn34 selectively connect the 
corresponding flip-flops and the data input/output IOA, IOB 
lines to each other when the column select signals CSLl, CSL2 
go high. 
[0061] 

The operation of the thus constructed EEPROM will now 
be described according to Figs. 12 to 14. Fig. 12 shows the 
timing of read operation , Fig. 13 shows the timing of write 
operation, and Fig. 14 shows the timing of verification read 
operation. 
[0062] 

The read operation is performed in two basic cycles. In 
a first cycle of reading, first the voltage VPR becomes the 
power supply voltage Vcc so that the bit line is pre-charged, 
a pre-charge signal PRE goes low so that the bit line is floated. 
Subsequently, the control gate WL is to 2.5V. Only when the 
Vt of the selected memory cell is 2.5V or less, that is, only 
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when the data "2" is written , the bit line is kept low. 
[0063] 

After that, the sense activation signals SEN2, SEN2B 
respectively go low and high, and the latch activation signals 
LAT2, LAT2B respective go low and high, so that the flip-flop 
constructed by the clock synchronization inverters CI7 and CI8 
is reset. The signal SAC 2 goes high so that the flip-flop 
constructed by the clock synchronization type inverters CI7, 
CI8 and the bit line are connected to each other. First the 
sense activation signals SEN2 , SEN2B respectively go high and 
low, and the potential of the bit line is sensed. After that, 
the latch activation signals LAT2 , LAT2B respectively go high 
and low, so that the information ""2" data?, "1" or "0" data?" 
is latched by the flip-flop constructed by the clock 
synchronization inverters CI7, CI8. 
[0064] 

A second cycle of reading is different from the first 
cycle of reading in that the voltage of the selected control 
gate WL is not 2.5V, but Vcc, and instead of the signals SEN2 , 
SEN2B, LAT2, LAT2B and SAC 2 , the signals SEN1, SEN1B, LATl , 
LAT1B, SAC1 are output. Accordingly, in the second cycle of 
reading, the information ""0" data? "1" or "2" data?" is latched 
by the flip-flop constructed by the clock synchronization 
inverters CI 5, CI 6. 
[0065] 
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By the two described cycles of reading, the data written 
to the memory cell is read out. Prior to writing of data, the 
data of the memory cell is erased so that the threshold Vt of 
the memory cell is Vcc or more. The data is erased by setting 
the control gate WL to 20V, and the bit line to 0V. 
[0066] 

In the write operation, first the pre-charge signal PRE 
goes low so that the bit line is floated. The signals VRFY1 , 
VREY2, FIM, FIL are Vcc. In the case of "2" writing, since 
the data is latched by the flip-flop constructed by the clock 
synchronization inverters CT5, CI6 so that the output of the 
clock synchronization inverter CIS goes high, the bit line is 
0V. In the case of "1" or "2" writing, the bit line is charged 
with Vcc. 
[0067] 

Subsequently, the signals BLC, VRFY2 , FIM, FIL and the 
voltage VSA are 10V, the voltage VBLH is 8V, and the voltage 
VBLM is 7V. In the case of "1" writing, since the data is 
latched by the flip-flop constructed by the clock 
synchronization inverters CI7, CI8 so that the output of the 
clock synchronization inverter CI7 goes high, 7V is applied 
to the bit line BL. In the case of "2" writing, the bit line 
is 8V, and in the case of "0" writing, it is 0V. After that, 
the selected control gate WL is set to -120V. 
[0068] 
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In the case of "1" or "2" writing, electrons are emitted 
from a charge storage layer of the memory cell by potential 
difference between the bit line BL and the control gate WL, 
so that the threshold of the memory cell drops. In the case 
of "1" writing, it is necessary that the amount of electric 
charges to be emitted from the charge storage layer of the 
memory cell is made smaller than that in the case of "2" writing, 
so the bit line BL is set to 7V to reduce the potential difference 
from the control gate WL to 19V. In the case of "0" writing, 
the bit line voltage is 0V so that the threshold of the memory 
cell is not changed effectively. 
[0069] 

Verification read is performed so that after the write 
operation, the write state of the memory cell is verified to 
perform additional writing only to the memory cell insufficient 
of writing. During the verification reading, the voltage VBLH 
is Vcc, and FIM is 0V. 
[0070] 

The verification reading is performed in two basic cycles . 
This basic cycle is similar to the second cycle of reading. 
The difference is that the voltage of the selected control gate 
WL and the signals VRFYl, VRFY2 and FIH are output (only VRFY1 
in the first cycle of verification reading) . The signals VRFYl , 
VRFY2 and FIH are output after the control gate WL is reset 
to 0V, and before the signals SEN1 , SEN1B, LAT1 , LAT1B 
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respectively go low, high, low and high. In other words, they 
are output after the potential of the bit line is determined 
by the threshold of the memory cell, and before the flip-flop 
constructed by the clock synchronization inverters CIS, CI6 
is reset. The voltage of the selected control gate WL is set 
low as much as 2V (the first cycle), 4V (the second cycle) 
corresponding to 2.5V (the first cycle) and Vcc (the second 
cycle) in reading to secure a threshold margin. 
[0071] 

The voltage of the bit line BL determined by the data 
(data 1) latched in the flip-flop constructed by the clock 
synchronization inverter CIS, CI6, data (data 2) latched in 
the flip-flop constructed by the clock synchronization 
inverters CI7, CIS and the threshold of the selected memory 
cell will now be described. The data 1 controls ""0" write? 
"1" or "2" write?", in the case of "0" writing, Qn2 0 is in the 
on state, and in the case of "1" or "2" writing, Qn23 is in 
the on state. The data 2 controls "1" write? "2" write?", and 
in the case of "1" write, Qn26 is in the on state, and in the 
case of "2" write, Qn27 is in the on state. 
[0072] 

Since the data of the memory cell is "0" in the first 
cycle of verification read in "0" data writing (initial writing 
data "0"), even if the control gate WL becomes 2V, the 
potential of the bit line is kept high. After that, the signal 
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VRFY1 goes high so that the bit line BL goes low. 
[0073] 

In the first cycle of verification read in "1" data 
writing (initial write data is "1"), the data of the memory 
cell is to be "1", so the threshold of the memory cell is 2.5V 
or more, and even if the control gate WL becomes 2V, the 
potential of the bit line is kept high. After that, the signal 
VERYl goes high, so that in the case where the "1 "write is 
sufficient and data 1 shows "0 "write, the bit line BL goes low 
((2) in Fig. 14), or the bit line BL goes high ((1) in Fig. 
14). 
[0074] 

In the first cycle of verification reading in "2" data 
write (initial write data is "2"), in the case where the data 
of the selected memory cell does not enter "2" ("2" write 
insufficient), even if the control gate WL becomes 2V, the 
potential of the bit line is kept high ((3) in Fig. 14). In 
the case where the selected memory cell is sufficient of "2" 
writing, when the control gate WL becomes 2V, the potential 
of the bit line is set low by the memory cell ((4), (5) in Fig. 
14). (5) in Fig. 14 shows the case where "2" writing is 
sufficient and the data 1 shows "0" write. In this case, the 
signal VRFY1 goes high, so that the bit line BL is grounded. 
[0075] 

In the second cycle of verification reading in "0" data 
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write (initial write data is "0" ) , since the data of the memory 
cell is "0", even if the control gate CG4 becomes 4V, the 
potential of the bit line is high by the memory cell. After 
that, the signal VRFY1 goes high so that the bit line BL goes 
low. 
[0076] 

In the second cycle of verification reading in "1" data 
write (initial write data is "1"), in the case where the data 
of the select memory cell is not "1" ("1" write insufficient) , 
even if the control gate WL becomes 4V, the potential of the 
bit line is high ((6) in Fig. 14). In the case where the 
selected memory cell is sufficient of "1" writing, when the 
control gate WL becomes 4V, the potential of the bit line is 
set low by the memory cell ((7) (8) in Fig. 14). (8) in Fig. 
14 shows the case where "1" write is already sufficient and 
the data 1 shows "0" write. In this case, the signal VRFYl 
goes high so that the bit line BL is grounded. 
[0077] 

In the second cycle of verification reading in "2" data 
write (initial write data is "2" ) , since the data of the memory 
cell is to be "2" , when the threshold of the memory cell is 
4V or less, whether "2" writing is sufficient or insufficient, 
when the control gate WL becomes 4V, the potential of the bit 
line is low ((10), (11) in Fig. 14). In the case where "2" 
writing is insufficient and the threshold of the memory cell 
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is 4V or more, the bit line goes high ((9) in Fig. 14). 
[0078] 

After that, the signals VRFY1 , VRFY2 , FIH go high, so 
that in the case where "2" writing is already sufficient and 
the data 1 shows "0" write, the bit line BL goes low ((11) in 
Fig. 14 ) , or the bit line BL goes high ( ( 9 ) , ( 10 ) in Fig. 14 ) . 
[0079] 

By this verification read operation, the rewrite data 
is set as shown in the Table 1 similarly to the embodiment 1 
according to the write data and the write state of the memory 
cell by the verification read operation. When writing of data 
is sufficient in all of the memory cells, Qn30 of all columns 
are turned off so that data write end information is output 
by a signal PENDB. 
[0080] 

The data input/output operation timing, the data write 
algorithm, and the additional data write algorithm are, as 
shown in Figs. 7 to 9, (Table 2 to 3 ) , similar to those of the 
embodiment 1 . 
[0081] 

Fig. 15 shows the write characteristics of threshold of 
the memory cells in the thus constructed EEPROM. The memory 
cell to which "1" data is written and the memory cell to which 
"2" is written are simultaneously written and the write time 
thereof is controlled independently. The following table 
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(Table 5) shows the potential of each part of the memory cell 

array at the time of erasing, writing, reading and verification 

reading. 

[0082] 

[Table 5] 





Erase 


Write 


Read 


Verify read 


First cycle Second cycle 


First cycle Second cycle 


BL 
WL 


OV 
20V 


0V 7V 8V 
-12V 


L only when H only when 
"2" read "0" read 
2.5V 5V 


See Fig. 14 
2.0V 4.0V 



[0083] 

The circuits shown in Figs. 3 and 11 may be respectively 
modified as shown in Figs. 16, 17. In Fig. 16, Qn3 , Qn4 shown 
in Fig. 3 are replaced with p-channel MOS transistors Qpl , Qp2 . 
In Fig. 17, Qn2 2, Qn2 3, Qn2 5 to Qn2 8 shown in Fig. 11 are replaced 
with p-channel MOS transistors Qp3 to Qp8 . Thus, the drop of 
voltage to be transferred due to the threshold of the n-channel 
MOS transistor can be prevented, and in this example, it will 
be sufficient to increase the voltage VSA to 8V in writing, 
so that the withstand voltage of the transistor constituting 
the circuit can be lowered. The VRFY1B in Fig. 16 is reverse 
signal of the VRFY1 in Figs. 2 and 3, and the VRFY2B and FILB, 
FIMB in Fig. 17 are respectively reverse signals of the VRFY2, 
FIL and FIM in Fig. 11. 
[0084] 

Although additional data write is described with Fig. 
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8, in order to facilitate additional data write, for example, 
as shown in Fig. 18, it is an effective method to divide one 
page. In this example, one region is constituted by 22 memory 
cells at every logical address 32. Thus, additional data 
writing in region units can be facilitated. That is, in the 
case of performing additional data writing to a region 2, it 
will be sufficient that the write data to the regions except 
the region 2 are all set "0", and additional data writing is 
performed according to a data write algorithm shown in Fig. 
9(a). As for the size of one region, any size other than the 
size shown in Fig. 18 will do. Further, in the case of setting 
four or more write states in one memory cell, such setting may 
be implemented according to the gist of the invention. 
[0085] 

[Advantage of the Invention] 

According to the invention, as described above, it is 
possible to provide the EEPROM, which may set three writes 
states in one memory cell while the increase of the circuit 
area is restrained, and independently optimize the write time 
required until the respective memory cells enter the respective 
write states by conducting the write verification control, so 
that the threshold distribution of the finally written memory 
cell can fall in a small range at high speed. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a block diagram showing the schematic 
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configuration of EEPROM according to first and second 
embodiments . 

[Fig. 2] Fig. 2 is a diagram showing the concrete 
configuration of a memory cell array in the first embodiment. 
[Fig. 3] Fig. 3 is a diagram showing the concrete 
configuration of a bit line control circuit in the first 
embodiment . 

[Fig. 4] Fig. 4 is a timing chart showing the read operation 
in the first embodiment. 

[Fig. 5] Fig. 5 is a timing chart showing the write 
operation in the first embodiment. 

[Fig. 6] Fig. 6 is a timing chart showing the verification 
read operation in the first embodiment. 

[Fig. 7] Fig. 7 is a timing chart showing the data 
input/output operation in the first and second embodiments. 
[Fig. 8] Fig. 8 is a diagram showing the concept of a page 
as a write/read unit in the first and second embodiments. 
[Fig. 9] Fig. 9 is a diagram showing the data write and 
additional dada write algorithms in the first and second 
embodiments . 

[Fig. 10] Fig. 10 is a diagram showing the write 
characteristics of the memory cell in the first embodiment. 
[Fig. 11] Fig. 11 a diagram showing the configuration of a 
memory cell array and a bit line control circuit in the second 
embodiment . 
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[Fig- 12] Fig. 12 is a timing chart showing the read 
operation in the second embodiment. 

[Fig. 13] Fig. 13 is a timing chart showing the write 
operation in the second embodiment. 

[Fig. 14] Fig. 14 is a timing chart showing the verification 
read operation in the second embodiment. 

[Fig. 15] Fig. 15 is a diagram showing the write 
characteristics of the memory cell in the second embodiment. 
[Fig. 16] Fig. 16 is a diagram showing a modified form of 
the bit line control circuit in the first embodiment. 
[Fig. 17] Fig. 17 is a diagram showing a modified form of 
the bit line control circuit in the second embodiment. 
[Fig. 18] Fig. 18 is a diagram showing a unit of additional 
data write in the first and second embodiments. 
[Fig. 19] Fig. 19 is a circuit diagram of an inverter part 
in Fig. 3 . 

[Description of the Reference Numerals and Signs] 

1 : memory cell array 

2: bit line control circuit 

3 : column decoder 

4: data write end detection circuit 

5: input/output data conversion circuit 

6: data input/output buffer 

7: word line driving circuit 

8: row decoder 
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FIG. 1: 

1: MEMORY CELL 

2: BIT LINE CONTROL CIRCUIT 

3: COLUMN DECODER 

4: DATA WRITE END DETECTION CIRCUIT 

5: INPUT/OUTPUT DATA CONVERSION CIRCUIT 

6: DATA INPUT/OUTPUT BUFFER 

7: WORK LINE DRIVING CIRCUIT 

8: ROW DECODER 

FIG. 4: 

FIRST CYCLE OF READING 
"2" READ 
"0/1" READ 

SECOND CYCLE OF READING 
"1/2" READ 
"0" READ 

FIG. 5: 
"0" WRITE 
"1" WRITE 
"2" WRITE 

FIG. 6: 

BL1 ("0" DATA WRITE) 
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BL1 ("1" DATA WRITE) 

BL1 ("2" DATA WRITE) 

FIRST CYCLE OF VERIFICATION READ 

SECOND CYCLE OF VERIFICATION READ 

FIG. 7(a): 

DATA INPUT 3 CYCLE 

REGISTER Rl, REGISTER R2 , REGISTER Rl , REGISTER R2 

FIG. 7(b): 

DATA OUTPUT 3 CYCLE 

REGISTER Rl, REGISTER R2 , REGISTER Rl , REGISTER R2 
FIG. 8: 

LOGICAL ADDRESS 
REGION 1 REGION 2 

FIG. 9 (a): 
DATA WRITE START 
DATA LOAD 
WRITE 

VERIFICATION READ 

WRITE END? 

END 

FIG. 9 (b): 
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ADDITIONAL DATA WRITE START 
READ 

DATA LOAD 
VERIFICATION READ 
WRITE END? 
WRITE 
END 

FIG. 10: 

THRESHOLD OF MEMORY CELL (V) 
WRITE TIME 

CELL TO WRITE "2" MOST QUICKLY 
CELL TO WRITE "2" MOST SLOWLY 
CELL TO WRITE "1" MOST QUICKLY 
CELL TO WRITE "1" MOST SLOWLY 
ONE WRITE TIME 
"0" WRITE CELL 

FIG. 12: 

FIRST CYCLE OF READ 
"0/1" READ 
"2" READ 

SECOND CYCLE OF READ 
"0" READ 
"1/2" READ 
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FIG. 13 
"2" WRITE 
"1" WRITE 
"0" WRITE 

FIG. 14: 

BL1 ("0" DATA WRITE) 

BL1 ("1" DATA WRITE) 

BL1 ("2" DATA WRITE) 

FIRST CYCLE OF VERIFICATION READ 

SECOND CYCLE OF VERIFICATION READ 

FIG. 15: 

THRESHOLD OF MEMORY CELL (V) 
WRITE TIME 
ONE WRITE TIME 
"0" WRITE CELL 

CELL TO WRITE "1" MOST SLOWLY 
CELL TO WRITE "1" MOST QUICKLY 
CELL TO WRITE "2" MOST SLOWLY 
CELL TO WRITE "2" MOST QUICKLY 

FIG. 18: 
LOGICAL ADDRESS 
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REGION 1 REGION 2 REGION N 
22 MEMORY CELLS 
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